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PREFACE. 



ilHIS book has been prepared as a popular intro- 1 
Juclion to the study of chemistry. 

It IB probably needless to recommend the su^l 
i!('^ Chemistry is recognized as a science of such'J 
general interest, such wide usefulneBs, and such universalA 
applicatioi], that no intelligent person can endure long tol 
remain ignorant of its principal facts and laws. 

This book treats principally of the non-metals} it is believed 1 
to be the verdict of authors and teachers of experience that I 
these furnish the most suitable material for a beginner in the 
study of chemistry ; these best present the fundamental facts 
and principles of the science, and they do it in connection 
with objects and phenomena easily accessible to almost every J 
I civilized human being. 

The author contemplates the preparation hereafter of ftl 
I book of similar general character, only having its principall 
[, facts drawn from the chemistry of the metals. 

In writing this book it has been the eSoi-t to treat the | 
subject in a style that shall be attractive to the general reader ; 
but iL is believed that in no case has scientific fact been sacri- 
I fioed in the -interest of popular form. 

The an-angement of matter in the book is in accordance ^ 
ivilh the following plan t After the introductory chapters, 
which present the general principles of chemical action, the i 
chief non-metals are treated in a scientific order as follows : the \ 
monads, hydrogen, ohlorine, bromine; iodine, and fluorine; 
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then the dyads, oxygen and sulphur ; next the triads, boron, 
nitrogen, phosphorus; finally the tetrads, carbon and silicon; 
thus including the four great groups into which the non- 
metals are naturally arranged. 

The historical and biographical sketches, that are distrib- 
uted through the book, have been introduced with the view 
of legitimately helping to retain the reader's attention. Most 
of the experiments described are such as may be' performed 
by any one possessed of reasonable skill ; it is believed that 
they will afford profitable instruction as well as entertain- 
ment. Allusions to the applications of chemistry to the affairs 
of every-day life have been carefully introduced, and have 
been developed as fully as the circumstances seem to 
warrant. 

Perliaps it is not improper to make allusion to the read- 
ing references found at the end of nearly every chapter. 
They are largely from periodical publications, and it is 
thought that they will be of service, especially to mature 
students. Guides to reading are now viewed as among the 
most important helps offered by teachers to students. The 
reading lists in this book point out some papers which are 
selected as being chiefly popular in style ; if these lead the 
reader to consult the others he will find himself introduced 
to some of the most important contributions to the knowledge 
of our science. 

The present edition differs from the preceding one in the 
addition of several new chapters. Throughout the book also 
newly-discovered facts have been introduced in their proper 
places. 

Brown University, 1888, 
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Chai^xer I. 



BRANCHES OF NATURAL SCIENCE. 

SHEMISTRY is properly clussified as one of the nat- i 
iiral sciences. The reader will doubtless inquire, 
What are the other sciences, and what relatioa j 
does chemistry bea-r to ihera? A suitable answer 
to these questions will go far toward affording a compre- 
hensive view of the natural sciences in general, and also a 
definition of the one with which this book deals. 

The general term "science," originally meaning knowl- 
edge, at the present day means knowledge that has been { 
thoroughly arranged and classified. 

In the light of this definition it is plain that there are J 
many more scienoes than is ordinarily supposed; and not , 
only so, but that science in its widest and most appropriate 
signification may apply to existences that are not material \ 
as well as to the various forms of matter. 

Any subject, therefore, is raised to the rank of a scienoa 
when the knowledge' about that subject is placed in a prop- 
erly classified form^ — that is, brought under scientific treat-' 

Soientific treatment has been defined as the treatment of a 
subject in accordance with certain thorough and rational 
methods, involving at least the following particulars: 

I^irst. All possible facts relating to the subject must b» 
observed with the highest degree of exactness. 
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Second, The facts observed must be recorded or described 
with a fixed unambiguous nomenclature. 

Third, The facts must be arranged in order, the chief 
facts preceding those that are properly subordinate, the 
arrangement being carefully studied, and harmonizing as far 
as possible with the natural relations existing between 
them. 

Fourth, The facts must be bound together, and their asso- 
ciation with each other must be displayed by a rational and 
intelligible explanation. 

When viewed as here presented it becomes evident that 
the term science is of very wide application, while it is true 
that in ordinary every-day use of language the highly gen- 
eral term science is often applied to natural science; but 
natural science includes one group of a wide series of groups 
of subjects. 

The term natural science, then, is properly applied to the 
knowledge of external and material things, and even then it 
is properly subdivided according to the kingdom of nature, 
or according to the special portion of nature's great field 
with which for the moment it deals. 

In this way two great departments of natural science are 
recognized : the one called natural history, in which are 
included geology, zoology, and botany ; the other called 
natural philosophy, or oftener physical science, in which are 
placed mechanics, physics proper, and chemistry. 

Chemistry treats of matter in its deepest recesses and its 
smallest subdivisions — that is, it treats of the atoms of matter^ 
and the changes of properties which even vast quaiititles of 
matte)* undergo by reason of changes in kind, iii number, and 
in relative position of the atom,s which, in obedience to chem- 
ical affinity, are gathered together into minute groups called 
molecules. 

Undoubtedly the beginner will experience some difficulty 
in thoroughly grasping this definition of the office of chem- 
istry, but if he reads this chapter again after he has read 
several of the succeeding ones it is likely that the expres- 
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sioiis here will have a newer and fuller meaning because of 
the facts and explanations presented later on. 

It is not intended here to offer a full outline even fo't'all 
the branches of natural science. 

The objects and the phenomena of the world about us are 
so varied and so interwoven aud intenlependent that there 
are subordinate natural sciences not quite coming under 
either of the topics we liave laid out, or wliich may be 
closely related to two or more of them at once. 

It is believed, however, that the explanation here given 
will help to show the reader the proper position of chemistry 
in the family of natural sciences. 
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THE SCOPE OF CHEMISTRY. 

I IIEMISTRY treats of all kinds of substances. T 
in a very broad assertion, but it ajipeai'ij to be In 
The solid rock matter of the earth and the wealth , 
of living animal and vegetable substances upon it I 
undergo all their vai-ied changes in subjection to chemical laws. 
The same is true of the water, and of all liquid things wfl ] 
know ; and the declaration applies yet further to the invisible ] 
gaseous mass which surrounds and envelops our terrestrial | 
globe. This deeper but thinner ocean which we call the 
atmosphere is also governed by chemical law in all its varied 
relations to the living beings as well as to the inanimate suh- 
Btanres that have their existence within it. lu thought we 
may ascend above these solid, liquid, and gaseous substances I 
connected with our eai-th. When thus we reach out to the i 
heavenly bodies beyond we feel sure that these, possessing | 
as they may, solid, liquid, or gaseous matter, are likewise / 
controlled by chemical laws, and that in their changes they 1 
exemplify with more or less fullness distinct chemical prin- 
ciples. 

The Great Number of Different Substances in 
the Earth. 

Here, then, it is intimated that chemistry relates to an 
enormous number of substances. In fact, the vaiious kinds 
of matter ah-eady recognized as existing on our earth are so 
numerous that they have never been so much as counted, 
much less described in any list or volume; nay, more, doubt- 
less many exist that civilized beings have never recognized 
at all. This last statement refei-s not merely to such aub- 
Btanees as may be known only to savages dwelling beyond the 
reach of civilization and commerce, nor yet to such as may 



be secreted in absolutely uninhabited portions of the globe, ' 
nor even to those that exist bo deup in tlie earth that roan's 
power may never be sufficient to reach them ; probably even 
■ome of the most humble and familiar natural things, HUeh 
as Uades of wbeaU, petals of daisies, silks of cora, and the 
like, coDtain small qnantitiea of diatuict and. Beparate com- 
pounds that have not yet been recognized as auch by eveu 
the most skillful chemists. 

But beyond all the compounds that exist in tlie earth, rec- 
I Agnized or for various I'easona unrecognized, the chemical 
L laws now known suggest the possibility of produdng artl- 
I ficiaUy a great multitude of additional substances, and even 
\ more than have yet been produced in the gieat laboratory 
\ of nature. 

How it Happens that there is such a Variety. 

By searching aright for the secret of the countless number 
I and the rich and splendid variety of beings that nature and 
I art present to the curious gaze of man, a comprehensive 
f answer is at last obtained. 

Forms of ordinary matter may be compared to great 

I cathedrals, like those of Cologne and of Milan, which have 

I been growing for centuries, and which, hy the combined 

r of artists and artisans, have at length become intricate 

and beautiful structures, the admiration and delight of the 

beholder. Just a» these arise from the combination in a, 

multitude of ways of a comparatively small number of oiig- 

inal and fundamental substances — like stone, hrick, iron, 

copper, plaster, glass, wood — so all things known to chemists 

I are made up of a few simple substances, either existing 

I alone or in richly various combination. 

The simplest substances when alone are called the chemical 

f dements, or elementary substances; the things resulting when 

different elements are united together are called compoimtlii. 

Thus metallic iron is one famili.ir example of a chemical 

element; the oxygen gas of the atmosphere ia another 

I example, A piece of iron exposed to damp air soon becomes 



changed to a inaas of iron rust. This rust is a compound; 
it is made up of iron and oxygen united together. 

In the light of what has been said the chemical elements I 
aHSume a new and grand importance: they are the indi 
uala chosen by the Creator to be the foundation stoneH and J 
the essential constituents of the glorious natural edifices otm 
his handiwork. 

Again when the elementary individuals unite they do so hf% 
reason of the interaction of many and complex forces which 1 
reaide, almost like soul and spirit, within the elements. 

These last remarks suggest the twofold character of I 
chemical study. It involves, J-'irst, the examination of ele- , 
mentary substances and tlieir compounds. Secondly, it I 
requires a consideration of the many general and epecial 1 
lama and forces which determine the various possible com- f 
binations. 
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CHAPTER III. 

THE ELEMENTARY SUBSTANCES. 



hKaM^ the following page is a list of the elementary sub- J 
pNwIJ stances now generally recognized aa eueh. Their I 
MfflBJ respective symbols and their atomic -weights, both 1 
W^^^sM in exact and approximate numbers, are also given. 1 
These substances, then, about seventy in number, arethoae'" 
from which are made up alt material things now known to 
man. While it is not necessary for any one to retain such a 
list in memory, every person who ilesires any considerable 
knowledge of chemistry should be acquainted with each name 
and the symbol attached to it, and should know something of 1 
the natural sources and the properties of the substances desig- 1 
nated. 

Six Suggestions Conveyed by this Table. 

A careful and intelligent. readina; of the list affords several 
important suggestions. The following are some of them : 

First. TIte elements are not very numerous. They are in 
fact very few, as compared with the countless number of sub- 
stances they may form by tbeir proper combinations. 

Second. They are, however, sufficiently numerous to pro- 
duce the many substances recognized in nature. For, consider 
bow human language may bave many words and yet all 
these may be spelled out by combinations of few letters. 
Some English dictionaries register over a hundred thousand 
words, yet these are all made by the combinations of less 
than thirty letters. Now it is easy to comprehend how the 
few letters of an alphabet may be even still f ui-ther combined 
in various ways so as to produce additional words almost with- 
out limit ; in a similar manner it may be easily imagined that 
the elementary substances of the chemist have ample capabili- 
ties for giving rise not only to the compounds now known, but 
1r) fet more and more, almost without limit. It is true tl)at 
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The Chemist's Elementary Substances. 



Name of 
Element. 



Aluminium. . 
Antimony... 
Arsenic 



Barium 



Bismuth..... 

Boron 

Bromine 

Cadmium . . . 
Caesium. — 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium. . . 
Cobalt....... 

Copper 

^^idymium. . . 

Erbium. 

Fluorine 

Ghillium 

Germanium. 
Olucinum . . . 

Gold 

Hydrogen... 

Indium 

Iodine 

Iridium... .. 

Iron 

Lanthanum . 

Lead 

Lithium 

MaKnesium. . 
Manganese.. 
Mercury. .... 



Atomic Symbol. 



Al 

Sb (Stibium) 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 



C 



Ce 

CI 

Cr 

Co 

Cu (Cuprum). 



E 

P 

Ga. 

Ge 

GorBeCBeryllium 
Au (Aurum)...., 



H. 



In 



Ir 



Fe (Ferrum) 

La 

Pb (Plumbum).. 

mJ»m eeee«e»*ee*««.a. 

Mg 

Mn 

Hg (Hydrargyrum 



Exact 

Atomic 
Weight. 


Approximate 
Atomic W'ght. 




27.0090 


27. 


119.9350 


120. 


74.9180 


74.9 


136.7630 


136.8 


207.3230 


2')7.5 


10.9410 


10.9 


7&.7680 


79.8 


111.8330 


111.8 


133.5430 


132.6 


39.9900 


4a 


11.9736 


12 


140.4240 


140.4 


35.3700 


85.4 


52.0090 


52. 


5«.8S70 


58.9 


63.1730 


63.2 


144.5730 


144.6 


163.8910 


165.9 


18.9840 


19. 


68.8540 


68.9 




72.8 


9.0850 


9.1 


196.1550 


196.2 


l.OQOO 


1. 


113.3980 


113.4 


126.5570 


126.6 


192.6310 


192.7 


56.9130 


63.9 


138.5260 


138.5 


206.4710 


206.5 


7.0073 


7. 


23.9590 


24. 


51.9060 


33.9 


199.7120. 


199.7 



Name of 
Element. 



Molybdenu.Ti 

Nickel 

Niobium. 

Nitrogen — 

Osmium 

Oxygen 

Palladium... 
Phosphorus . 
Platinum — 
Potassium... 
Rhodium. . . . 
Rubidium... 
Ruthenium. . 
Samarium. . . 
Scandium.. . . 

Selenium 

Silicon 

Silver 

Sodium 

Strontium . . . 

Sulphur 

Tantalum.... 
Tellurium.... 
Thallium.... 

Thorium 

Thi 

Titanium.... 
Tungsten — 
Uranium .... 
Vanadium .. 
Ytterbium. . . 

Yttrium 

Zinc 

Zirconium. . . 



Atomic Symbol. 



Exact 

Atomic 

Weight. 



Mo 

Nl 

Nb . 

N 

Os 



Pd 

P 

Pt 

K (Kaiium) . . . 

Rh 

Rb 

Ru. 

Sm 

Sc 

Se 

Si 

Ag(Argentum).. 
Na (Natrium — 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn (St4innum)... 

Ti 

W(Wolframium) 

U 

Va 

Yb 

Y 

Zn 

Zr 



95.6270 

67.9280 

93.8120 

14.0210 

199.4940 

15.96 J3 

105.7370 

80.9580 

191.4150 

39.0190 

! 104.0330 

85.2510 

104.2170 

160.0210 

43.9800 

78.7970 

28.195(V 

107.6760 

22.9960 

87.3740 

31.9840 

182.1440 

127.9600 

203.7150 

233.4140 

117.6980 

47.9997 

183.6100 

238.4820 

51.2560 

172.7610 

89.8160 

64.9046 

89.3670 



1^ 

If 



96.5 
67.9 
98.8 
14. 
196J 
16. 
105.7 
81. 
1944 
89. 
104.1 
83i» 
104^1 
150. 
44. 
78.8 
28.2 
107.7 
23. 
87.4 
82. 
182.1 
128. 
203.7 
2-384 
117.7 
48. 
188.A 
288^ 
51.9< 
172.6 
o.90 
64.9 
89.4 
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the chemist discovers in some of the eheinical elements a limit 
to the power of union, but in others he finds an apparently un- 
bounded capacity to form new arrangements and combinations. 

Third. Moat of the elements are uncommon. Only about 
one sixth of them are familiar to ordinary readers. Thus 
carbon, copper, gold, iron, lead, mercury, nickel, silver, sul- 
phur, tin, zinc, are almost the only names in the list that can 
be said to suggest familiar things. Indeed some members 
of this list exist in the earth in extremely small quantities ; 
but man by hia ingenuity and industry has gathered up even 
these and brought them near to the hand of every civilised 
being. Thus gold exists in the earth — so far as man lias 
access to the earth — in only very minute amounts; yet gold 
has a multitude of common uses beside its employment in 
coinage. Various formsof decorative art, like gilded letter- 
ing on books, afford familiar examples. So also mercury, 
■which in the ordinary thermometer is very familiar 
to every one, exists in the earth in but minute amounts. 

When the chemist examines still more narrowly the com- 
position of the teiTestrial globe, he discovers an inequality 
yet more extraordinary than that hinted at. Thus it appears 
that probably one half of our entire planet consists of a 
single substance {that is, oxygen) and that one quarter of it 
consists of another single substance (that is, silicon). Since 
an amount equ.il to three quarters of the earth's mat- 
ter, by weight, is made up of but two elements, the remain- 
ing ones may be expected to exist in much smaller proportions. 

The following table, given by Roscoe and Schorlemmer, 
shows the average composition of the earth's crust — so far as it 
is accessible tohuman investigation by means at present known: 



Percentage Composition of the Earth's Solid Crust. 



MugDeHiLim.... 

Sodium 

PolAfsium. . . . 
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In this table about sixty elements are not mentioned. 
Many of these occur in exceedingly small quantities and also 
in special localities. Their relative rarity is rendered all the 
more striking when it is considered that in a minute frac- 
tional part of the whole must be included all coal and all the 
useful metals, except iron. 

Another authority * declares that it is probable that an 
amount equal to ninety-nine one hundredths of the entire 
weight pf the solid, liquid, and gaseous nlatter of our globe 
is made up of only thirteen elementary substances. The 
elements referred to and their relative proportions are 
approximately represented in the diagram following : 

Diagram of the Composition of Our Globe. 



(by weight.) 



SILICOx>^, k 


Sulphur, Hydrogen, 
Chlorine, Nitrogen, 


About 55 
others. 


Potassium, Sodium, 
Iron, Carbon. 


Aluminium, J 
Magnesium, > ^ 
Calcium, ) 


OXYGEN, 1 



Fourth, Most of the elements are metals. This may not 
appear to the ordinary reader until he is informed that ter- 
minations in w??2, as in case of aluminium, barium, cadmium, 
calcium, and others, are intended to suggest that the sub- 
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♦ Professor J. P. Cooke. 
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stances so designated are metals. Most of the other elements 
having names not terminating in un\ are called non-metals. 

Fifth, Each chertiical element has an atoinic symbol^ an 
abridgement, in some form, of its name. 

Sixth, Each chemical element has an atomic weight. As 
the atomic weight of hydrogen is 1, without any fraction, it 
is easily understood that the weight of one atom of hydrogen 
is taken as the unit of the system. An inspection of the 
numbers given shows that in many cases the atoms weigh 
amounts that are very nearly exact multiples of the weight 
of an atom of hydrogen. 
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Chapxkr IV. 

NAMES AND SYMBOLS OF ELEMENTS. 

NY history of the chemical elements distinctly points 
to the enormous stride which chemical discovery 
has taken within the last hundred years. The 
dawn of this period was marked by many most 
important results. Among these may be mentioned the 
detection of the elementary gases : oxygen, hydrogen, and 
nitrogen. The light which these great events threw upon 
the future of the science enabled the chemists of that early 
period to perceive that the number of new compound sub- 
stances then discovered, and likely soon to be discovered, 
called for a multitude of new terms. In 1787 the eminent 
French chemist, Lavoisier, in committee with Guyton de 
Morveau and others of their chemical associates of the 
French Academy, suggested a system by which a consider- 
able number of chemical compounds, both then known and 
thereafter to be discovered, might be provided with names 
at once convenient and suggestive. This system, slightly 
modified and considerably extended — to accommodate the 
yet more widely expanding needs of the science — affords the 
basis of the chemical language of to-day. 

A Few Principles of Chemical Language. 

It is proposed to explain here a few of the first principles 
of chemical nomenclature and notation — that is, to present 
a few of the rules by which significant and useful nmnss and 
symbols are provided. These will be found to supply the 
requirements of hitherto inaccurately known substances, and 
even of those formerly unknown. 

li\rst, the names of elementary substa?ices long known are 
retained. Thus, gold and silver are metals that were 
known in the earliest historical periods, if not in prehistoric 
times ; their names, therefore, still remain in use. 
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r Sectmd, the 'liacoaercrs of new elemettCari/ substances assign 
Uie nuines. In so doing they usually inveiit a. name tliat siig. 
gestB acme /nc( conneuteil with the Bubatanue itself. Tima 
the name nitrogen is derivetl from two Greek woriis {viVpov, 
nitron, mineral alkali, anil -yevvaui, gennao, I proiluce) carry- 
ing the Buggestion that the gas la one of the constituents of 
nitre. Tlie name liydrogen ia derived from two trreek 
words (viSwp, hydor, water, and jevvom, gennao, I prodabe,) 
indicating that wherever water exists hydrogen is an esaeii- 
lial constituent of it. So the name chlorine is derived from 
a Greek word (;t^wpof, chluros, green,) which reminds the 
diemist of the fact that chlorine gas possesses a greenisii 
color. The suhstance oxygen, however, was named in a 
diflferent manner. Its name is derived from two Greelc 
words (ilfuf, oxi/s, acid, and yeni'aw, t/ennao, I produce,) sig- 
nifying a generator of acids. It appears, then, that in this 
rase the name is based, not on an easily verified fact, hut 
upon a t/ieori/, current when oxygen was discovered, of the 
action of the suhstance in qaestion. In a certain sense a name 
thus formed may be considered ill-advised. Thus in the case 
in hand it has turned out that wliile oxygen is a constituent 
of a majority of known acids, it is not essentially an acidifyini:; 
suhstance : many acids are known that contain no oxygen 
at all, and again there are a mnltitude of compounds contain- 
ing oxygen that are not acids in any proper sense. 

77urd, newli/ discovered metals are ititiiaUy gioeii names 
whick,iohUe l/tej/ sjiffgesi some prnpertt/ iif t/ie siifistance, hane 
in addition the termination, um. Thus the metal thallium 
derives its name from a Greek word (Bdkkog, thalloa, a green 
twig,) which carries the suggestion of the fact that thallium 
and its compounds when liighly lieated evolve light of a 
delicate green color. Again, caesium, a newly discovered 
metal, has a name derived from a Latin woi-d {ciiesius, bine,} 
which refers to the fact that caesium and its compounds 
when highly heated afford light of a blue color. The ter- 
__mination um is used for metals, alter the analogy of tlie 
^tin language which usually ha» its names of met:ils end in 
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Indeed, the diemiat often makes usf of the Lati;i 

I of even those metals that liave been long known by 

more familiar ones. Tiiua for gold the Latin word auriim is 

used, for silver the Latin word arf/mUum, for lead the Latin 

word pluf>ibti>n. It will be aeen later that slightly modified 

tnna of these names are very frequently employed when 

impoands of theiie metals are to be designated. 

Symbols Used for Atoms. 

ii elementary substance, oi', strictly speaking, tlip mi- 

Bute quantity of it represented Ly the terra one atom, may be 

isignated in brief by a special tetter or short groap of letters 

Utlled the symbol. The usual symbol is the initial letter of 

the native or the Latin name of the substance. Upon exam- 

IliDg the list of elementary substances at page 15, it will be 

sen that the following nine of the names begin with the 

of course, therefore, in eight cases at least, the 

mbol must contain au additional distinguishing letter. 





ates 01 


le Htom 


(if Onrbon ; 




Ca 






Calcium ; 




C(i 






(ladmiuiu ; 




Ce 






Cerium ; 




CI 


" 




Ohtoriiie; 




fio 


'■ 




Cobalt; 




L 


" 




Cliromium; 




■ 


" 


" 


Caesiiinj; 




P 


" 




Copjior (Liitin 


H'ord cuprum). 



It also appears that in the case of metals, like iron and 
copper, known to the ancients, the symbols used are derived 
from the Latin names. The use of these symbols made from 
tetters — and therefore called literal syrahols, from the Latin 
jrord litera, a letter — will become apparent as the reader 

idvancea ; but it is easily perceived that they afford a con- 
venient abridgment of the longer titles of the elements. 
, The use of literal symbols as an abridgment of the chem- 

ral nomenclature was first proposed by Berzelins, a Swedish 
^hemist, whose eminence in every branch of the science was 




Fin. 2.— Jons Jakob Benrellua. Bom In Ea»t Golhliiad (Ld Sweden). August 20, 179(1; died 
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such tliat the suggestion here referred to constitutes one of 
the least of the many and substantial grounds on which his 
fame rests. 
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Chapiter Vi 

CLASSIFICATION OF THE ELEMENTARY 

SUBSTANCES. 

^N speaking of the elementary substances some of 
them have been referred to asmetals. What, then, 
is the exact idea conveyed by this designating 
term ? Every one can readily picture in his mind 
some*metal or metals like gold, silver, tin, zinc, and others, that 
have certain common characteristics, such as great weight, and 
the peculiar brilliancy and power of reflecting light which is 
described as metallic lustre. Another well marked and 
widely recognized characteristic at once thought of is the 
facility with which the substances ordinarily known as metals 
may be beaten or rolled into thin layers. This property, 
called malleability (a word derived from the Latin word 
malleus, a hammer), is not possessed in any striking degree 
by substances other than metals. Thus, sulphur is not malle- 
able — quite the contrary; it is very brittle. Charcoal, which 
consists mostly of the elementary substance called carbon, is 
likewise not malleable ; neither of these last two substances 
would be likely to be considered by even an ordinary 
observer as metals. In fact they are classed as non-metals 
by the chemist. This division of the elementary substances 
into metals and non-metals is dwelt upon, not because it can 
be called a very important one, but because it is widely used 
in works on chemistry and because in deciding to which of 
these two classes a given substance belongs, ultimate depend- 
ence must be placed upon its cliemical characteristics rather 
than upon its mere mechanical properties. 

The Meanings Associated with the Term Metal. 

The principal properties referred to are best presented in 
three groups : 
First, Metallic Properties Associated with Mechanical 
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Relations.— An elementary substance accepted as a metal 
F^ust possess the property of existing iii a solid condition ; 
■"Weiglit rather greater than that of moat well-known sub- 
Atanoos ; considerable hardness, malleability, dnctility (that 
I, the capability of being drawn out into tine wire). 
Second. Metallic Froperties Associfited with Physical Melit- 
fmmis. — A metal should possess the metallic lustre; the power 
' called opacity, by reason of which it does not allow light to 
pMs through it ; the uoticeable capability of allowing heat 
to flow in it, called the power of conducting beat ; the capac- 
ity for allowing the electric current to flow readily in it, called 
jood conducting power for electricity. 
Third. Metallic Properties Associated with ChemicalJiela- 
t tions. — A metal should possess the power and the tendency 
to readily form a chemical union with oxygen ; the chemical 
power to act upon compounds containing hydrogen in such 
a way as to turn the hydrogen out and take its place in 
the old compound ami thus form a. new one ; the relationship 
Ifioward the electric current such that, when the element is 
Mibjected to the galvanic battery, it tends to gather about 
e negative pole — in consequence of which characteristic it 
s nsnally called electro-positive. 

But while no known metal appears to possess the entire 
fange of properties with which in thought the ideal one is 
mdowed, every substance classified as a metal should possess 
^any of them. 

An illustration of what has been said may be found in 

Kietallic mercury. From the fact that under ordinary con- 

Ktions it ix a liquid it is plain tliat mercury must lack certain 

P6f the metallic properties referred to; that is, it does not 

is the solid form, it does not possess hardness, it does 

|tot possess malleability, it doee not possess ductility. Yet 

! it ia cooled to a low temperature — about forty degrees 

^elow zero — it freezes; in other words, becomes solid; then 

i many of the distinctly metallic features that it 

scessarily lacks when in the ordinary liquid condition. Of 

foourse this liquid condition is a mere incidental circum- 
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stance, due to the temperature which ordinarily prevails upon 
our earth. If our ordinary temperature were slightly lower 
than forty degrees below zero mercury would then be com- 
monly known as a solid, hard, lustrous, heavy, malleable 
metal — capable, of course, of melting with a slight accession 
of heat. 

As a further illustration, in a somewhat different direction, 
mention may be made of the metal lithium. This substance 
cannot be called heavy, since it is lighter than water; indeed 
it is the lightest solid known. But on the other hand it pos- 
sesses in a striking degree those chemical features of metals, 
such as strong affinity for oxygen and tendency to combine 
with it, which have already been detailed in our definition 
of the ideal metal. 

The Term Non-Metal. 

The term non-metal is suggestive of a negative idea, and 
not of any definite or positive one. In fact it is intended to 
intimate that elementary substances of this class are those 
which do not properly belong to the other. Sulphur and 
carbon have been already alluded to as examples of non- 
metals ; other non-metals, such as oxygen, hydrogen, nitro- 
gen, fluorine nnd chlorine among the gases, bromine, a liquid, 
and iodine, antimony, phosphorus, arsenic, boron, silicon and 
selenium, among solids, are far less familiarly known to most 

persons. 

■♦ 
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Chapter VI. 
COMPOUND SUBSTANCES. 

X ,1 previous diapter a list of elementary siib- 
staiiCL'S has been given. All other matters known 
are compounds. From wbat has been Baid already 
it is evident that tbe compounds are very numer- 
ous, indeed that there is practically no limit to the number 
E possible oue-s. These compounds are all made up by the 
n of elementary substanoes- in obedience to the pei.:uliar 
ihemical forces that reside vitbin them. Some compounds 
J only two kinds of elements: they are called binaries. 
KSome compounds have three kinds of elements: they are 
[ioalled ternaries. Other compounds may have four, five, sis, 
r even more kinds of elements grouped together to form 
Bone soi-t of substance. It this place reference will be made 
■principally to binaries and ternaries — that is, to the com- 
V pounds of the simpler forms of constitution. 

Examples of Binary Compounds. 

In discussing binaries it will be well to give at the outset 
(three or four examples for the purpose of illustration. 

First. Tlie gas known as hydrogen and the gas known as 

jhlorine have the power of combining chemically and pro- 

Bncing an entirely new compound, a compound different from 

and different from chlorine, yet containing por- 

of each of lliem. This compound is a binary since it 

psonsists of but two kinds of elements. It has several names, 

le of which is hijdric chloride. The chemist frequently repre- 

nts what is evidently the araallest possible quantity of this 

fisubstance, and also its exact composition, by the expression 

11 CI. 
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(expressed by II,) and one atom of chlorine (expressed by 
CI). 

Second, When sulphur burns in the air it produces a blue 
flame. At the same time a new and peculiar gas is formed 
which is easily recognized by its choking odor, similar to 
that given off* by a burning sulphur match. Now this odor 
is one of the properties of a new compound that has been 
formed: a compound different from sulphur, different from 
oxygen, yet containing them both and produced by the union 
of them. The compound is a binary because it contains but 
two kinds of elements. It is called sulphur dioxide. The 
name is intended to suggest that there are two atoms of 
oxygen to one of sulphur in the compound. This idea is 
further conveyed by the abridged system of notation so 
commonly used by chemists. Thus by tliis system the 
smallest possible quantity of the compound in question is 
expressed as follows, 

SO2. 

In this expression it is very plain that S stands for one atom 
of sulphur, and O.^ for two atoms of oxygen. 

Third, But sulphur may be made to combine with a still 
larger amount of oxygen than it takes when it simply burns 
in the air. Then it forms a compound called sulphur triox- 
ide. This is still a binary, since it contains nothing but sul- 
phur and oxygen — that is, only two elementary substances. 
Expressed in the briefer form the smallest quantity of this 
compound may be expressed by the formula, 

SO3. 

This expression means a compound arising from the union of 
one atom of sulphur and three atoms of oxygen. 

Fourth, When lead is heated to the melting point in the 
(dr it is observed to become coated with a constantly increas- 
ing mass of a kind of ashes. A pound of the lead when 
heated in this way produces considerably more than a pound 
of dross. The formation of this dross is explained by the 
fact that when lead is heated it really burns, though of 
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Lcoorse tbe rapidity of the burning depends upon tbe 1 
I amounts of beat and air to which tbe lead is subjected. J 
I Evidently the lead, in burning-, has something added to 1 
ritself. That something isa gas whieh is ever present in the I 
I atmosphere and which is ealled oxygen. Tbe dross is a 
I chemical compound of lead and oxygen. It is called plumbic 
\,vxide,a,nA its smallest quantity is represented by tbe foi^ 
[ mula, 

PbO. 
In this formula it is easy to see that Pb stands for an atom 1 
of lead (whose Latin name is plumbum), and O for an atom, I 
[ of oxygen. The dross, then, is a binary compound. 

A multitude of such examples of binary compounds might I 

I be given; probably those already cited are sufficient for the 

present. It will be advantageous to the reader to carefully 

learn the names and the formulas of the binary compounds 

thus far given, since they are selected examples which may 

, be used again further on. 

Examples of Ternary Compounds. 
The ternary compounds are those which consist of three 
• kinds of elements ; of course they are more complicated in 
^Btrncturo than the binaries. This fact, however, must not 
Kdeter the reader from the attempt to understand them at the 
Loutset, for the principal ternaries are acids and salts, and 
I every one knows that acids and salts are among the most im- 
■ portant compounds which the uhemist has to employ. 

As examples of ternary acids mention will be made of I 
^twD of the principal ones used by the cheraisf. 

And first, nitric acid is a compound of hydrogen, nitrogen, 
^nd oxygen. The formula of tlie smallest individual portion 
^f it is 

HNO, 

Tliese letters signify that nitric acid contains one atom of 
Khydrogen, combined with one atom of nitrogen and three 
Kfttoms of oxygen. Now this nitric acid forms a great many 
Fsalts. A simple example may be found in that one contain- 
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ing pilver. Thus when nitric acid and silver are warmed 
together, either a part or the whole of the silver dissolves. 
A new substance is produced which is commonly called 
nitrate of silver. By the chemist it is oftener called argen- 
tic nitrate. Its solution may be dried into the form of a 
white crystalline substance, one that has long been accepted 
as a member of the class of salts. Its formula is 

AgNOa. 

It is plain that this last formula is employed as a short 
way of expressing that the salt is a compound of more than 
one kind of element — of three kinds in fact — and that these 
elements are in the proportions of one atom of silver, one 
atom of nitrogen, and three atoms of oxygen. 

Promise was made to refer to two important acids ; sul- 
phuric acid is the second one. Commercially this substance 
is by far the most important of all the acids. Indeed, its 
manufacture is one branch of the greatest chemical indus- 
try devised by man — the alkali trade.. Evidently it is im- 
portant that the chemist should be thoroughly acquainted 
with sulphuric acid; with its composition, its formula, its 
way of chemically acting on other substances, and the things 
or products that it gives rise to when it has opportunity so 
to act. Now sulphuric acid has the formula 

HaS04. 

This formula means that sulphuric acid is a ternary, being 
made up of three different kinds of elements ; namely, two 
atoms of hydrogen, one atom of sulphur, and four atoms of 
oxygen. 

Further, sulphuric acid forms a large number of salts. 
Thus it forms one containing silver.' This is commonly 
called sulphate of silver, though the chemist generally calls 
it argentic sulphate. The formula of argentic sulphate is 

AgaS04. 

When this formula is firmly acquired by the reader so that 
he can readily compare it with others already mentioned, a 
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Krtain simple and distiact relationship may be traced. Thii.i 
Somparing 

Argentic siitpliate. Ag,SO, 

wUli Sulphuric ncid, H,SO, | 

pt is evident that in the one two atoms of silver have taken 

ihe place of two atoms of hydrogen that appeared in the 

And such is usually the case: when silver takes the 

■dace of hydrogen, it does so atom for atom. Indeed argen- 

s nitrate, AgNO,, already described, illustrates this fact. 

t compound product closely related to nitric acid, 

&NOi, the only difference of construction being that here 

le atom of silver has taken the place of one atom of 

liydrogen. 

The Purpose of this Chapter. 

The purpose of this chapter has been to suggest a few 
' facts i-especting the nature of chemical compounds and also 
to show how the Bcieoca of chemistry employs its peculiar 
language both in its longer and shorter forms. This lan- 
guage is very comprehensive. In fact it is too elaborate for 
full explanation here, The plan contemplated is to give at 
this point a few hints as to its nature and scope, and to de- 
velop it only so far as may be necessary to the succeeding 
stages of our progress. 

It is proper to suggest at this point that no single scientific 
man — nor society of them— can enforce the use of any par- 
ticular woi'ds upon the great body of chemists. For this 
reason, as well as for others, there still prevails the nse of 
ilifferent chemical names for the same substance. Thus the 
compound of hydrogen and chlorine first referred to as rep- 
resented by the formula H CI, has at least four widely used 
names: Jiret, a name merely suggestive of its component 
parts — that is, hydric chloride ; second and third, names 
which suggest something in addition to its component parts; 
namely, that it is an acid — thus it is called both hydro chloric 
■l|cid and chlorobydric acid ; fourth, an old-fashioned n.^mc 
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which still retains its hold upon the commercial world, 
namely, muriatic acid. 

This same general principle applies to a great many other 
substances, and while it is true that it thus increases the 
number of names in the chemical language, it likewise inci- 
dentally enriches that language. For in many cases it has 
come to pass, little by little, that these different names are 
appropriated to slightly different forms of the same sub- 
stance, and so the name employed often conveys to the intel- 
ligent chemist as definite a shade of meaning as do the 
different synonyms used in the description of e very-day 
affairs by any accomplished author. A single example will 
elucidate this point. The term oil of vitriol would usually 
be defined as meaning sulphuric acid. But the words sul- 
phuric acid convey, strictly speaking, the same meaning as 
the formula 

HaS04 

This latter substance, however, is of very rare occurrence 
alone ; it is usually associated with varying quantities of 
water, and is then spoken of as sulphuric acid of varying 
degrees of dilution. Now the manufacturing chemists of 
the United States have adopted a definite mixture of sul- 
phuric acid (H2SO4) and water (H^O) as an exact thing to be 
called oil of vitriol. It is that dilution consisting of 

93.5 per cent, of sulphuric acid, HaS04 

with 6.5 per cent, of water, HgO 



both taken by weight. 
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Moimile, 

Evidently the words relate to tliree grades of magnitude 

in which matter is capable of existing ; it is equally plain 

that of the series tho mass represents the largest individual 

portion of substance, and the atom the smallest, while the 

-molecule represents the intermediate one. 



■ The Chemical Use of the Term Mass. 

Whoever looks about him sees subslances existing in 
maBsee. Thisistnie of vast mountain chains andeqaally true 
of the smallest grains of matter that are recognized as the 
humblest components of those peaks. 

Bnt the smallest of these visible masses is made up of par- 
ades still more minute — yet, perhaps, of precisely the same 
For the chemist possesses means of subdivision of 
i by which he may make them into minute fi'ac- 
(onal parts that are measurable and are all just alike, and 
s may continue this process long after the portions have 
tnk below the reach and range of ordinary vision. A 
nap (if pure sngar as big as a cubic inch may be mechanic- 
y divided by any one into many smaller ones, each little 
e being easily recognized by the ordinary senses as possess- 
' the sweetness, the crystalline construction, the white- 
ss, the solidity, the brilliancy, the power of dissolving in 
frator, and perhaps other well-known characteristics that jier- 
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tain to Hiigar. But the chemist is able to continue the sub- 
division of the sugar much further. This he does by recourse 
to processes not exactly mechanical, though closely allied to 
them ; by processes often called physical as distinguished 
from purely mechanical ones. He may thus reduce the 
sugar to fragments of such extreme minuteness that while 
they do not impress our senses as larger portions do, yet each 
fragment is capable of displaying to a competent scientific 
observer the certain and sure chemical properties that always 
belong to sugar, whether in large lumps or in small ones, and 
which in fact belong to nothing but sugar. 

Speaking generally, all particles producible by mechanical 
subdivision are masses, while the same is true of most par- 
ticles producible by physical subdivision. 

The Chemical Use of the Term Molecule. 

But there is a point where any attempt at further scien- 
tific subdivision results in a new and startling change : at 
this stage the last individual that can properly be called 
sugar is dissected and loses entirely the characteristics of 
sugar. The fragments produced by the wreck of the last 
particle are of a new kind. They are 

portions of carbon, 
portions of hydrogen, 
portions of oxygen. 

This last particle of sugar is separated into its ultimate 
constituents only by chemical processes. This last particle 
before it is broken up is called the molecule^ the word mean- 
ing a little portion. The single individual thing it refers to 
cannot be detected by the eye, nor can it be in any way 
appreciated except by scientific means. But a chemical 
change of the last multitude of molecules at once, is practica- 
ble to every body, and it is to a certain extent recognized by 
every one who heats sugar until it turns to a charred mass. 
This charred mass is mainly carbon — one of the components 
of the now mined sugar — and it is very unlike sugar in every 
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|$rey> The chemist can show thiit when sugar is charred the 
Oxygen and the hydrogen go ofE mostly in the form of gases 
or vapors, and that on IhiB account they escape detection at 
the hands of all ordinary observers. 



PThe Chemical Use of the Term Atom. 
It appears, then, that the chemist is alile to subdivide 
molecules into smaller parts. But he finds that in the pres- 
ent state of onr knowledge of matter further subdivision is 
impracticable. He can take the oxygen ont of the sugar, but 
he cannot take any thing but oxygen out of oxygen; he can 
take hydrogen out of sugar, but he cannot take any thing but 
hydrogen out of hydrogen ; he can take carbon out of sugar, 

||)ut he cannot take any thing but carbon out of carbon. 
As a result of .ill chemical study of common sugar the 
piemist has fixed upon the following as expressing most 
elosely the facts as he knows them : 



Tlie fiirniula 
e molecule of ])iirp Cfl 



giignr ia 



chemical formula of any substance expresses much 
more than the reader would at first imagine. Thus the for- 
mula C|jH„0|, conveys at once to the chemist a series of 
facts, some of which may be amplified as follows : one mole- 
lale of sugar contains three kinds of substance : carbon, 
drogen and oxygen ; each of these kinds of matter exists 
:h the molecule in separate minute portions such as in the 
present state of hinnan knowledge are divisible only in a 
limited way ; thus the carbon of one molecule of sugar is 
divisible into twelve parts, and no further; 

the hydrogen of one molecule of sugar is divisible 
ito twenty-two parts, awrf no further; 

the o.\ygen of one molecule of sugar is divisible 
ito eleven parts, and no further. 
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Definition of the Term Atom. 

Now at last the atom has been reached. It is that portion 
of any kind of matter that is to human beings — for the 
present, at least — indivisible in fact. It has already been 
stated that there are only about seventy different kinds of 
atoms; it appears, then, that there are only seventy kinds of 
matter that at present cannot be chemically subdivided 
into different components. 

It is true that some persons consider that certain intricate 
chemical processes suggest that what have been here called 
indivisible atoms are themselves really capable of yet further 
decomposition. Without ♦attempting here to sustain or to 
demolish this proposition, or to say what the future of chemi- 
cal investigation may reveal, it maybe safely remarked that 
adequate proof has not yet been offered of the ability of any 
one to successfully accomplish a decomposition of the' atoms 
enumerated.* 

Plainly, then, just as bricks may be made into a building, 
and a series of buildings may make a city, and a series of 
cities may exist in a State, so atoms may combine together 
to form molecules, and molecules may cohere together to 
form a mass, and visible masses may be placed side by side 
and give rise to the ordinary objects recognized about us. 
True, the comparison suggested is not strictly carried out in 
all particulars. But the difficulty is not a serious one ; for 
a city might contain a multitude of houses each one so 
similar that no difference could be distinguished between 
them, just as a mass of sugar does in fact contain molecules 
of which each one is so like its neighbor that the most 
refined chemical methods discover no differer»ce between 
them. Again, these same houses might be composed 
of combinations of brick and other materials differing 
among themselves, but closely corresponding in every house. 
So the molecule of sugar does contain certain atoms of car- 
bon, hydrogen and oxygen, the atoms of one kind differ- 

* See references (on page 19) to suggestions that our so-called elements are In fact 
compound. 



niig disliucily and absulult^ly fruni the atoms of the other 
f kind. 

But here the parallelism seems to cease. For while all 

bricks and other components of a building are capable of 

being split into smaller portions, the atoms composing the 

kmolecnle are found by the chemist to he absolutely indivis- 

Uble, in the present state of knowledge. 

I Employing still further the itlnstration already in hand it 
I maybe added that just as the walls of a dwelling might con- 
l tain bricks either of the same kind as to their color, shape 
I -and weight, or else differing in these or other respectSj so ii 
r molecule may be a little group of atoms of the same kind, or 
L it may be a group of atoms of different kinds. Thus the 
Lliydrogen gas molecule is composed of two atoms each just 
I :alike, and each being hydrogen. This molecule is represented 
I by the formula 

I lU or H— H- 

l So a molecule of chlorine gas is composed of two atoms 
Kieach just alike and each being chlorine. This molecule is 
■represented by the formula 
■ CU or Cl— CI. 

I Everything Built up of Atoms. 

I Now each of the elementary substances has molecules 
■composed of atoms, and each molecule of a given element is 
Momposed of atoms of the same kind. And further all the 
■vast and countless myriad of compound substances, whether 
Kuried in the heart of the solid earth, wliether drifting in the 
Krandering courses of the ocean's currents, whether floating 
Rd the airy mass which is wrapped about our globe, whether 
Bpomponents of distant planets — all these substances are con- 
structed, BO far as we know, of incouceivably minute atoms 
Bbf varying kinds bound together by chemical attraction into 
Bnolecales, the molecules being piled one upon another into 
Mhose masses whose reaction our dull senses can appreciate. 
Bt may be that our great central luminary, the sun, has its 
P&toms combined in molecules also. Perhaps, however, the 
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intense heat of that seething mass which pours its volcanic 
torrents millions of miles out from the surface is sufficient to 
keep in a state of decomposition molecules such as we know 
here, and even the elementary atoms which are at present 
undecomposable by our processes. 

Atoms and Molecules Manifest Chemical Affinity. 

But, to the chemist, atoms, molecules and masses possess an 
interest of another kind. Each atom and each molecule is 
endowed with an invisible, occult power called chemical 
affinity. This power acts like an unseen spirit possessed of 
likes and dislikes. By reason of it an atom of hydrogen, 
for example, instantly binds itself to an atom of chlorine 
whenever opportunity offers, but will never, even under the 
most favorable circumstances, combine with an atom of gold. 

Finally, this attractive force is a kind of energy of which 
no true explanation can be offered. All that human beings 
can do is to attentively study it as it manifests itself in the 
relations of elementary substances and compound substances 
one toward another. Indeed one of the principal offices of 
chemistry is to study these relationships as they develop. It 
is the multitude of possible relationships and actions of which 
the numberless substances known are capable that gives to 
chemistry its great scope and variety, and that makes it such a 
vast field for experiment, for discovery of facts, and for 
industrial application of them. 
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Chaf-xer VIII. 

HOW CHEMICAL AFFINITY WORKS. 

a iuterestiiig fact that elements and compounds 
lifest an exceedingly great variety of tenden- 
cies to combiDation. Fragments of matter, so 
small tUat no eye perceivoa them, have, wrapped up 
ill themselves, a multitude of determinate powei-s. A given 
atom, as of lead for example, will very readily combine with 
oxygen and with some other substances, but it seems to abso- 
lutely r(?f use to combine with nitrogen. So hydrogen will com- 
bine very readily with chlorine and with many other elements, 
but it refuses to form any union with silver and with many 
other elementary substances. It cannot be called a whim that 
detei'mines the kind of element or its amount that a certain 
substance will combine with, though the likes and dislikes of 
atoms are in this respect exceedingly marked and even incom- 
prehensible. But however impossible it may he to eseplain 
an element's friendly or unfriendly deportment toward 
another, it is possible in each case to learn the facts with cer- 

I^inty ; for each atom possesses its true individuality, and is ■ 
Blways constant and consistent in its affinities and hates. 
K It is the purpose of this chapter to present in an orderly 
manner some of the peculiarities of this mysterious power of 
Bhemical affinity. 
Ici, 
Mane 



First. 



Each Kind of Atom Has Its Peculiar 
Chemical Affinities, 

Chemical affinity seems to reside within the atom as a per- 
l.Manent, ever present and guiding energy. Thus while iron 
oxidizes readily — that is, manifests under a multitude of com- 
mon conditions a willingness to combine with oxygen and 
form a new compound called oxide of iron, and well known 



inder the n 



eofir 



— go!^, on the other hand, oxidizes 
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unwillingly ; indeed in order to get it to combine with oxygen 
it niUMt be coaxed by means of circuitous and carefully planned 
devices. But these atoms are always consistent in their 
action, for iron under any and every condition oxidizes more 
r(>adily than gohl does. 

Second. Chemical Affinity Acts Only Under Favor- 
able Conditions. 

While chemical action often works with most intense energy 
it does HO only when certain outside and incidental conditions 
ar(» favorable. Thus carbon lias under certain conditions an 
affinity for oxycjen, and manifests its tendency to combination 
with an intensity that is scarcely surpassed. In order, bow- 
c;ver, to awaken and vivify the dormant inclination it must be 
stimulated by certain definite and favorable conditions. The 
most important of these conditions is a certain amount of 
warratli. The stores of fuel in our cellars — the coal and the 
wood and all otlier combustible things — are snrrounded by 
^reat quantities of oxygen, which winds its way, with every 
slightest stir of the mobile air, in and out through all the 
crevices that the fuel aiFords, passing continually in the 
immediate neighborhood of ample quantities of atoms of 
carbon. But it does not ordinarily unite with them. Sub-. 
ject the whole or any portion of these combustible things to 
a slight rise in temperature — then the atoms of oxygen and 
the atoms of carbon seem to arouse themselves from repose : 
they unite in friendly and firm grasp, and what is called 
chemical union takes place. 

To the ordinary observer the heat that is produced is the 
most notable sign of this kind of combination. The chemist, 
however, discovers a yet more conclusive evidence, for he 
finds that several kinds of new molecules have been produced ; 
one of these kinds, for example, is expressible by the name 
carbon dioxide and by the formula CO^. Evidently this for- 
mula means that each atom of carbon has united with two 
atoms of oxygen. In this familiar example heat is the agency 
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iBt Stimulates the atoms to a display of the chemical force 
that previously was slumbering within them. 

Light, and the olectrit current, and the vital forces of ani- 
mals and plants, though acting in a manner less familiar to ii», 
are energizes of chemical affinity, and all have their proper 
influence to make atoms join in union ; indeed in some cases 
they make atoms burst from each other's bonds and fly away 

I to more congenial conditions. 
Third. Each Atom Has Certain General Numer 
I ical Preferences. 

I The chemist also recognizes each atom as possessing certain 
peculiar numerical preferences ip its combinations ; a mani- 
festation of chemical aflinity called equivalence, or atom-Jkeiiig 
poieer. Thus when carbon burns in a stove, by reason of the 
air passing by it on the way to the chimney, it seizes upon 
some of the oxygen atoms and hinds a definite number of 
them to itself. If there is much air, each atom of carbon, of 
the millions present, picks out two atoms of oxygen from the 
air ; if there is but little air, each atom of carbon has 
to be satislied with one atom of oxygen. Now in these two 
cases, of course, different substances are foi-med. The fii-st, 
whose composition is represented by the formula CO,, has 
already been spoken of as carbon dioxide. To the other, 
whose composition is represented by the formula CO, is ap- 
plied the name carbon monoxide. Here, then, we see that 
/he same afont may mnietimea combine with two atoms of 
iixyffen and sometimes with only one. 

Further, the chemist knows fonr simple and familiar com- 
pounds whose molecales illnslrate very strikingly the differ- 
ence of equivalence of differeiit atoms. These compounds are 
the following : 

Hjdrochlonc aciJ (Hj-Jric cl.loiidp), HOI or H— CI 



[Hydrie oiide), 



E-1 
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H-l 

Ammonia gas (Hjdric Ditride), H3N or H — V X 



H— 
Marsh gas (Hydric carbide), H4C or H — 

H— 
H— 



^C 



It has been found advisable to adopt the atom of hydro- 
gen as tlie standard of equivalence or atom-fixing power. 
It is plain that by this method of comparison the atom 
chlorine may be said to have the equivalence onCy since it 
combines with one atom of hydrogen. And so the atom 
oxygen may be said to have the equivalence twOy since it 
combines with two atoms of hydrogen. And the atom 
nitrogen may be said to have the equivalence three, since it 
combines with three atoms of hydrogen. And the atom 
carbon may be said to have the equivalence four^ since it 
combines with four atoms of hydrogen. 

The language of chemistry sometimes presents the same 
observed facts, in a slightly different form, somewhat as fol- 
lows: Chlorine is said to have one point of attraction and is 
called a monad (a term derived from the Greek word fiovd^y 
monaSy a unit). Oxygen is said to have two points of 
attraction and is called a dyad (a term derived from the 
Greek word 6vdg, di/as, two). Nitrogen is said to have three 
points of attraction and is called a triad (a term derived 
from the Greek word rgtdg, trias, a group of three). Car- 
bon is said to have four points of attraction and is called a 
tetrad (a term derived from the Greek word TFrpagy tetrasy 
four). 

While hydrogen as the basis of the system has the uniform 
equivalence one, and is always a monad, and oxygen its close 
friend and ally has always the equivalence two, and is 
always a dyad, most other elements have some variety of 
equivalence. Thus chlorine has at different times different 
equivalences, sometimes oney sometimes threey or five, or 
seven. So nitrogen has at different times the different 
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ivaletices, one, three. Jive. So carbon has Bometimes an 
equivalence tieo, sometimes yoKr. 



Fourth. Each Atom Has Certain Special Numer- 

• ical Preferences. 

Careful experimenl. has shown that the elementary suli- 
stances unite in fixed proportions by weight. Thus one 
iiunce of hydrogen unites with almost exactly thirty-five and 
a half mmces of chlorine to form hydrochloric acid; and one 
ounce of hydi-ogen unites with almost exactly eighty ounces 
ijf bromine to form liydrohroniic acid; and one ounce of 
hydrogen unites with almost exactly one hundred and twenty- 
seven ounces of iodine to form hydriodic acid. 

Again, twenty-tbree grains of sodium unite with thirty- 
five and a half grains of chlorine to form sodic chloride; 
and twenty-three grains of sodium unite with eighty grains 
of bromine to fonn Bodic bromide; and tweuty-thi-ee grains 
of sodium unite with one hundred and twenty-seven grains 

of iodine to form sodic iodide. 

^^L Now these numbers — 

^Ke ' 
^Pe.r 
^■^ Th 



, and ) 



largely t 



fixed and constant number 
^emical computations. 

They are called combining numbers, for such indeed they 
are; they are also called atomic weights, and they are sup- 
posed to represent the relative weights of single atoms of the 
Guhstauccs mentioned. 

Careful chemical study of the way in which atoms 
combine has developed tiie following as a fundamental law 
of nature. Tn ihp sa.mB rhpmicitl comj jound there are^alwajs _ 
Mhe same kind aiiid~u.um))er of elementary atoms, and- tliese 
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atoms are unit ed jn fi;t;e(i prQportions by weight. This law 
is a formal statement of facts similar to itHbse just referred 
to in this and the preceding topic. It does not therefore 
seem to call for further explanation at this point. 

Fifth. Chemical Changes Neither Create nor 

Destroy Matter. 

When chemical changes are produced by reason of tlie , 
action of chemical affinity, there is never either gain in 
weight or loss in weight. In other words there is no 
creation of matter and no destruction of it. In former 
times, people who observed the disappearance of solid mat- 
ter when charcoal burns thought that the substance was 
destroyed — partly if not wholly. The modern chemist finds, 
however, that the carbon is only turned into the form of an 
invisible gas, and that by the use of appropriate appliances 
he can find the weight of this gas and compare it with 
that of the carbon producing it. In the combustion of car- 
bon the chemical change is represented by the following 
equation : 

C + Oa = COa 

One atom of Two atoms of One molecule of 

Carbon Oxygen Carbon dioxide. 

12 32 44 

parts by weight. parts by weight. parts by weight. 



44 44 

This equation means that the chemist has discovered, by 
careful experiments, that when any twelve parts by weight 
of carbon — say twelve pounds — are completely burned, they 
always unite with thiity-two corresponding parts of oxygen 
(in this case thiily-two pounds), and they produce forty-four 
parts by weight of carbon dioxide (in this case forty-four 
pounds). 

And so in all chemical changes; the substances taking part 
— whether solid, liquid or gaseous — may be weighed, and the 
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I of the weights of all the mattei-H finally produced is 
just equal to the sum of the weights of the original faiitors. 



Sixth. Chemical Changes Produce Striking: 
Results. 

So far as our present knowledyu goes each of the atoms 
■appears to be fixed and iiuchaiigt'ableand to possess through 
all its varied combinations an inherent character whioh 
belongs to it, and which no human being at present knows 
how to alter. It is true, however, that the opinion seems to 
be gaining ground that the elementary atoms are probably 
themselves compounds whose parts are very firmly bound 
together ; compounds which may in future be decomposed. 
Whatever may be the tmth on this subject, it is recognized 
that whentheatomsat present accepted as elementary unite to 
build up either simple or complex molecules, the various orig- 
inal atomic characters are so blended and balanced and re-en- 
forced as to afford in the molecular product an entirely new 
and unexpected set of properties. An example of this latter 
fact is found in the union of copper, sulphur, oxygen and 
hydrogen. These substances may combine to form a mole- 
cule which is called cuprle sulphate, which has the compo- 
F'tion expressed by the formula 
C.iSO.sH,0. 

Of the constituents of this molecule, copper is red, snlphor is 
yellow, oxygen is colorless, hydrogen is colorless ; but when 
they unite the cupric sulphate formed is blue — that is, its color 
is not that of either of its constituents, nor is it intermediate 
between them. There is simply a new and unexpected result, 
and one which in the present state of knowledge cannot be 
explained; it can merely be recorded. And this example is 
only one of a myriad. Throughout nature chemical changes 
most marked — and to human thought unexpected — arise from 
abe union of familiar elementary subslances. 




rtlKMJ^TliT. 



t>« y« u^h ^J^tmtM} CbMnfe% are Qfim AttcaiBd fey 

Di^plajf of Force. 

.iiiiji'li'l Miili iti< ^// 'A Ayy *//'//< f^f heal, f^ electrioty, 
'.ii.ii I'liMt «it <ii(i;/y N'/w it JK a lav deriTed 

• 111 ili.« '/v M« .• (ii:i( tht- anioijiit of energy given oat by 

• I.I II 11' .1 1 iiiii'fii I.- Tijii <1 :umI iiivHriabIc, and that it is jut die 
-.itiii lit .iiit'.iHit ii:* ilir f|ii:iniity of that kind of eneigy diafc 
I .iif Iff li< •! wItiM ciM h flii'iiiicHl ;u;tion is reversed. 

I lir Modern Atomic Theory. 

Mil M.iiMi •hiiiilidi htthly which Iuih developed the truth 
^ \ ihi I.*, ii .ihi'iiil\ mIhIimI III thin chiiptor han also given rise 
i' ih» iitMili III iHitinii' ihiMtt'v. TluM'li (Mil ist is constrained to 
I • it> ti ih.ii iii.iHi I i-i (••nii|»i»MtMl of uhitnato particles, as yet 
Mti.lh 1.1. . I I .illi .1 III. mil Whih' ihoxo atoms are inviuble to 
III. n.il I \i » \ . II \\\\\\ iho holp t)f tho finest known optical 

• lllini. »■• >ii uiii-ii \\u\\ x'^w^wxwi' is om*e admitted this 
■4. tint \. II .M^ttij. w\ ^ \\\\m\mu\\\ \\\x\\ is a satisfactory oik^ 
III) III.). I it ih.< ^^^\\\ ^\\w \\\\\ )i:n*uuMU7os with the mnltitndfi 
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Seventh. Chemical Changes are Often Attended by 

Displays of Force. 

In many chemical changes the union of the atoms is 
attended with the production of heat, or electricity, or some 
other form of energy. Now it is a law derived from mod- 
ern discoveries that the amount of energy given out by any 
chemical union is fixed and invariable, and that it is just the 
same in amount as the quantity of that kind of energy that 
is absorbed when such chemical action is reversed. 

The Modern Atomic Theory. 

The same chemical study which has developed the truth 
of the facts already stated in this chapter has also given rise 
to the modern atomic theory. The chemist is constrained to 
believe that matter is composed of ultimate particles, as yet 
undivided, called atoms. While these atoms are invisible to 
mortal eye, even with the help of the finest known optical 
appliances, yet when their existence is once admitted this 
admission affords an explanation that is a satisfactory one, 
and indeed the only one that harmonizes with the multitude 
of observed chemical and physical laws. 

This atomic theory, in its essential features, was suggested 
in the early part of this century by Dr. John Dalton, who 
was a teacher of mathematics in Manchester, England, and 
who died as recently as in 1844. Dalton found recreation in 
chemical experiments, and the mathematical turn of his mind 
led him to express the results of his chemical analyses in a 
new numerical form. Thus, previous to his time, it had been 
customary to express the composition of all substances in 
the ordinary percentage form. Now Dalton found that 
wJien some special weight is adopted as the unit a variety of 
previously concealed facts are revealed. The idea to be here 
conveyed is partially, but perhaps sufficiently, expressed by 
the following examples derived from the two compounds of 
carbon already referred to: 
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Composition of the Two Compounds of Carbon and 

Oxygen. 



EXPRESSED 


IN 


PER CENTS. 


Carbon Monoxide {CO), 




Carbon Dioxide (CO^). 


Carbon, 43 per cent 




27 per cent. 


» Oxygen, 67 per cent. 




73 per cent. 


100 




100 



EXPRESSED IN 


D Alton's form. 


Carbon Monoxide (CO), 

Carbon, 12 parts by weight. 
Oxygen, 16 parts by weight. 

28 


Carbon Dioxide {CO^). 

12 parts by weight. 
32 parts by weight. 

44 



In Dalton's expression it is at once evident that, as com- 
pared with the weight of carbon, the amount of oxygen in 
carbon dioxide is exactly twice what it is in carbon mo- 
noxide; but to the ordinary un mathematical mind the per cent- 
age statement conceals this fact. Dalton's experiments with 
still other compounds gave him results showing a simplicity 
of relationships similar to that obtained from the carbon com- 
pounds just referred to. To his mind these facts suggested 
immediately the idea that an elementary substance is made 
up of atoms each of a determinate weight, and that these 
atoms combine by wholes and not by fractional parts, and 
that although it is impossible to actually weigh any atom 
separately, yet the weight ratios of a mxdtHvde of them that 
combine as wholes express at once the weight ratios of the 
atoms themselves. He thus got the idea of atomic weights 
3.nd constructed the first table of them. Since Dalton's first 
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declaration of his atomic theory, the combining numbers of 
the different atoms have been studied by chemists with the 
most thoughtful care and the most painstaking methods 
known to modern science; and tables have been constructed 
showing the combining numbers which are believed also to 
be the true atomic weights for all the various elements thus 
far recognized. 



READING REFERENCES. 

Atomic Constitution of Bodies. 

Saint- Yenant. — Jour, of Uliera. Soc. of London, xxx, pt II, 472. 

Atomic Philosophy. 

Amer. Chemist, iii, 826. 

Atomic Theory. 

Williamson, A. W. (and others.) — Jour, of Cliem. Soc. of London, xxii, 

328, 433. 
Wurtz, Ad.--The Atomic Theory. New York. 1881. 

Atomic Volumes, Etc. 

Avogadro. — Aiuiales de Chimic et de Physique. 3 Ser. xiv, 330, 
XX ix, 248. 

Atoms, Vortex Theory of 

Thomson, Sir Wm.—Phil. Mag. 1867. 
Tiiomson, J. J.— Science, iii, 289. 

Tiiit, P. G. — Recent Advances in Plivsical Sconce. London. 1876. 
p. 283. 

Atomic Weights, Dalton*s First Table of 

Roscoe, H. E. — Chem. News, xxx, 2G6. 

Chemical Operations, Calculus of 

Brodie, B. C. — Jour, of Chem. Soc. of London, xxi, 367. 

Dalton, John 

Henry, W. C. — Life of Dalton. London. 1854. 

Definite Proportions, Variability in Law of, 

Boutlerow. — Silliraau's Journal. 3d Ser. xxvi. 63. 
Cooke, J. P. — loc. cit. 310. 

Equivalents of the Elements. 

Pumas, J. — Annies de Chimie et dp Physique. 3 Ser. Iv, 129. 



52 



CHEMISTRY. 



Energy. 

Stewart, Balfour. — The Conservation of P^nergy. New York. 1874. 
Tait, P. G. — Recent Advances in Physical Science. London. 1876. 
Encyclopedia Britanuica. vpl. viii. 

Gaseous and Liquid States of Matter. 

Andrews, T. — Jour, of Chem. Soc. of London, xxiii, 74; xxx, pt. II. 

159. 
Ramsey, W. — Jour, of Chem. Soc. of London, xlii, 136. 

Matter, Constitution of 

Ditte, A. — Annales de Chimie et do Physique. 6 Ser. x, 145. 

Nomenclature of Salts. 

Madan, H. G. — Jour, of Chem. Soc. of Loudon, xxiii, 22. 



nTDROBES. 



CHA.l^Tt:i« IX. 
HYDROGEN. 

JHIS substance is one of the most interesting with 

wiiich the cliemiHt baa to deal. On account of its 

chemical anil physical properties, by reason of tlie 

many important compound aubstancea into which 

it entera, by reason of the part it has played in the history of 

L chemical progrt'ss, it is entitled to a large f<hare of the 

E'Student'a attention. 



Where Hydrogen is Found. 

The name hydrogen was applied to il some time later than 
[ the first recognition of the snhatance. The word is deriveil 
I from two Groek words (CdiJp, lnjdor, water, and yevvdaj, gemiao, " 
1 3form or produce), the word as a whole meaning mater former. 

■ In fact hydrogen is in all water wherever that substaoco 
(.exists. That this is a very comprehensive expresBion appeai-s 
I when it is remembered that the atmosphere always contains 
I water diffused through it in the form of invisible vapor even, 
Kljefore that vapor ia precipitated as the gentle dew, or the 
leryatalJine snow, or the streaming rain. Again, water in 

) and oceans, lakes and I'ivers, is tlie mantle o£ nearly 

■ three fourths of the earth's surface. Every living being on 
F the dry land, whether animal or vegetable, contains large 

quantities of water in its structure : tlie blood of the higher 
Luimals is nearly eight tenths- water. 
While water ia the principal substance containing liydro- 
f. gen, thia gas exists also as a constituent part of a great many 
^ Other solid and liquid mattei-s found in the earth. 

Why Free Hydrogen is not Found. 

Hydrogen scarcely ever exists on our globe alone — that is, 
P in the free or uncombined condition. Indeed tiierc are c 
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tain definite reasons why it should not. These are based 
mainly upon the very strong chemical affinity that hydrogen 
has for oxygen. Now, as has been declared already, the 
latter substance is the most abundant element in nature, and 
it exists in very large quantities in our atmosphere. Spread 
all over the surface of the earth, then, the free oxygen of the 
air stands prepared to combine with hydrogen wherever the 
latter may be liberated. Such combination might not occur, 
it is true, unless initiated by influence of heat or some flame 
of Are ; but owing to the constant agitation of the air by 
reason of uniform currents like trade winds, as well as those 
produced when the atmosphere is agitated by violent storms, 
any mixture of hydrogen and oxygen would be likely soon 
to come into contact with some flame or fire, and so these 
components would enter into combination. Thus hydrogen 
would not be likely to remain long uncombined even were it 
produced in considerable quantity by natural terrestrial 
operations. 

The Discoverer of Hydrogen. 

Hydrogen was first distinctly described, and its properties 
as a special kind of gaseous matter clearly pointed out, in the 
year 1766, by an English chemist, the Honorable Henry 
Cavendish. This philosoj)her, the son of Lord Charles 
Cavendish, and the grandson at once of the Duke of Devon- 
shire and the Duke of Kent, is one of the most curious char- 
acters in the history of the natural sciences. He was of an 
exceptionally careful, thorough nnd pains-taking temper, 
which well fitted him for those scientific pursuits which were 
the prime objects of his thoughts. Sir Humphry Davy said 
of him : " The accuracy and beauty of his earlier labors have 
remained unimpaired amidst the progress of discovery, and 
their merits have been illustrated by discussion and exalted 
by time." 

In addition to his possession of many special aptitudes for 
the exact studies to which he devoted his entire existence, 
it should be recognized that he lived at a period that was 



SYDROGBS. 



remarkably favorable to tbe pui-suit of the natural sciencefcl 
The limes, the state of knowledge, the co'ndition of societji^ 
all over Europe seemed to be ripe for this kind of progress^-fl 
for in Scotland, in England, in Franue, in Germany, in Swe-J 
den, there then appeared expeiimentera of unsurpassed skill,T 
and chemistry as a science had then its birth under most for-^ 
tunate auspices. 

Cavendish was very peculiar in his manners and habits^.l 
living in great seclusion and retirement and in the most sim-^ 
pte and metbodieal manner; indeed his oddities attained forj 
him the unenviable distinction of a place in a book devotedfl 
to the lives of English eccentrics. In that work, as well aafl 
in Dr. Wilson's life of him, are many amusing anecdotes of-| 
his way of life. One most remarkable episode was his ii 

' ance of wealth. Though poor in his youth he was suddenly^ 
made rich in middle life by a bequest whose origin is scarcely 
&nown. M. Biot neatly described him as " le pins riche deS 
tous len savants, et probablement aussi le plus savant de«r 
tons lea riches." He lived on however in as great seclusioiv 
as before, his ehosen associates being his flasks and his thetwB 
mometei'S. His millions made no observable impression npon; 
his habits, notwithstanding at hia death they bad made himfl 
the largest holder of the stock of tbe Bank of England, 

Lord Brougham says that Cavendish probably uttered 

fewer words in the course of liis life than any other man who 

er lived to fourscore years, not at all excepting the monks 

of La Trappe — who were boimd to perpetual silence except 

, in cases of absolute necessity. 



Why Hydrog:en was not Discovered Earlier. 

Doubtless those prehistoric men, who in earliest days looked 
I about upon the face of the ejirlb curiously examining their 
heritage from the Creator, were familiar with water in its 
various forms. They must have prized its bland and refresh- 
ing powers and have learned many of its more important uses,' 
, JJiit the idea thai il is made up of more than one kind of sub- 
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matter was not suspected until very recent times, 
id not proved until the masterly inve.stigatiwiis of Caven- 

clearly set forth the facte. 
'JTie very idea of a chemical compound — that is, of a snh- 
.nce as made up of hiconeeivably small portions of matltr 
iou of almost inconceivable intimacy, an idea very 
lo students of thu present day — probably did not enter 
minds even of those profuuud thinkers who suggested 
earlier atomio phihwopliies. In fact, our form of the 
ion of chemical union is scarcely mure than a century old, 
Moreover, hydrogen is a gas, and the notion of gas is itself 
idedly a modem one. It was first slated in weli-delineil 
le year 1752, hy Dr. Jose|>b Black, professor in 
igow and Edinburgh. Black clearly ami conclusively 
lonsti'atei] the existence of airs of a different kind from 
it familiar to us in our atmosphere. It is true, Van Hel* 
(>nt and even others, fully one hundred years before BtaiVs 
h.id known and stated more or less distinctly the exist- 
!e of a gas or air differeut from that we breathe; but 
ing to a variety of eircnmstanees these wonderful discover- 
were allowed to lapse into forgetl'ulness. Thus the human 
lost for ji century much advantageous knowledge; hut 
ibably the general social advancement of those times had 
then prepared mankind for the benefils which the 
ilopment of modern chemistry has conferred upon the 
it citizens of the world. 
Again, erperimeuting with gases was not well understood 
nntil about tbe year 1770, when Joseph Priestley invented 
that contrivance for mnnipulating them known as the jineu- 
Llio trough, for which no better substitute has yet been 
jsed. 

urther, in water — which has already been referred to as 
most abundant and widely-diffused compound of hydro- 
gen — the partner elements are hcmnd together by a chemical 
affinity that cannot be readily overcome. This intensity of 
atti-artive force between the Cdustituent elements is tbere- 
ire another reason wiiy tbe true composition of water was 
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HO loDg an unsolved riddle, and wby hydrogen was not earliei 
recognized »s a thing ur kind of matter by itself, althougli 
in its principal compound— one uf the most admirable giftt 
of the Creator to man — ^it was well-known from the first days 
of tlie tmmaii ract'. 



How Hydrogen Is Prepared. 

Hydrogen may be obtained by the chemist in several ways 

I'l.rst. There is a method of directly tearing the elements 

composing water apart from each otlier. Considered tlie^ 
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oretically this process is a most direct and simple one. In 
order to realize its results, however, advantage must be taken 
of the galvanic current. This force may be obtained readily, 
it is true : thus wlien two metals, dipped in a liquid, are con- 
nected by a wire it is usually generated. But no one knows 
fully what the current is. The words galvanic eun-ont and 
voltaic current suggest tho two investigators, Galvani and 
Volta, wlio were the pioneers in this field, but they give 
nothing that can be called ^n exjAanation oi the wondrons, 
invisible, impoiuler.iblc form of energy referred to. It \&% 
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au exceedingly iutereating character ami about which 
1^ certain conHiderable body of knowledgt has been collected. 
Among the variety of fai:ts known about it is that ono 
which relates to water; namely, when the poles, or electrodup, 
(uitable galvanic battery are dipped into a vessel of 
feater bubbles of gas may be seen to flow freely from each 
f tbem. The gases may be collected in a vessel placed over 
e electrodes, but the experimenter may well beware of in- 
lautiously treating what )ias now been produced ; he bas 
Obtained a mixture of oxygen and hydrogen from the orig- 
inal water, and these elements, which he has rended apart 
n their more intimate union, are ready upon the approach 
I of tbo smallest flame to rush into union again, with extraordi- 
ary violence, and in such a way as to produce a treraendoun 
acplosion. In the act of this explosion, therefore, water is 
produced, first as expansive vapor, then condensible 
ick to the liquid drops wbcnce it came. 
I If however the product from each electrode is collected fiy 
tel/in a separate tube, the one gas is found to be very differ- 
int from the other. The one is found to be hydrogen, the 
pt^er oxygen. In accordance with the formula II,0^which 
S has before been stated represents the composition of wnter 
^the hydrogen is found to be given off in a bulk or volume 
tbat is twice as groat as that of the oxygen obtained at the 
mme time from the same amount of water. 

Second. Hydrogen may be obtained by bringiiiginto con- 
gjact with water, under proper conditions, certain substances 
lat have a very strong affinity for its oxygen and at the 
me time but little affinity for its hydrogen. Now every 
is familiar with the fact that iron rusts readily in the 
The chemist can demonstrate that this rust is a com- 
Ipund of iron and oxygen. The union of these elements 
inder ordinary conditions suggests at once that that union 
Hbcb from an affinity between the iron and the oxygen. 
''hiB affinity is much greater at high temperatures, for it is 
fell known that iron rusts more violently when subjected to 
These facts, then, are made use of for the purpose of 



GO CUSMISTBT. 

withdrawiiif; oxygeu from water and tliUB forcing the hydro- 
gen out iu the free or uncomhined condition, bo that it may 
he obtained and experimented upon. 

To produce hydrogen hy this method there muat be pro- 
vided a. h>ng iron pipe which passes through a hot furnace; 
ihe pipe should contain fragments of iron, nuch as iron turn- 
ings, or iron lilingw, or pieces of iron wire. Then a current 
I must be passed through tlie pipe. The i 
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eomea red hot, a d inder tlkese urcumatan es m\\ feats n ore 
affinity for the oxygen ol the steam than Ihe hydrogen does. 
The iron then grasps the oxygen and holds it fast. As a 
result a peculiar kind of oxide of iron of a black color is 
prorluced. Its chemical formnla is Fe,0„ and it is cnlled hy 
chemists ferroso-ferric oxide. The iron has now taken the 
place, as a partner of the oxiygen, that the hydrogen formerly 
had. The hydrogen is thus oast out from its combination 
and is set free as an uiicombined gas, in which liberated con- 
dition it is expelled at the end of the tube. The chemical 
action between tlie iron and the steam may be represented 
by the following equation : 
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Fe.O. f 4H, 

FcrroEO-Ierric oiide, Hydrogei 



Tbe gas produced as just described may be eolk'Cted by 
'Adjustiug a suitable tube in couucctioD with tbe ])i|ie con- 
taining the iron. When the gas ia examinud it is found to 
be in fact hydrogen. It will bum with a bine flame and 
perform all tbe various actions that acknowledged hydrogen 
.-■will. 

Third. There are other metals, not used in the ordinary 

and trades but still familiar to the chemist, which have 

greater affinity for cxygen than iron has. The metal 

called sodium is one of these. Its affinity for oxygen is so 

great that it cannot be long preserved in tbe open air ; a 

block or lump of it, if exposed to the air, gradually turns to 

a mass of rust of sodium — that is, oxide of sodium. This 

metal, therefore, is preserved by the chemist in tightly closed ■ 

bottles or else under a layer of petroleum oil. The oil keeps 

le air away from the metal; naoreover the oil contains no 

:ygen in its composition, as many other liquids do. This 

ital, sodium, though heavier than the oil, is lighter than 

iter. If thrown upon water it floats. But, by \irlue of 

intense affinity for oxygen, it at the same time decomposer 

water. It draws the oxygen lo itself and it liberates the 

'drogen. Some chemical skill is requisite in the perform- 

3 of this apparently simple experiment, for occasionally 

violent affinities involved set the sodium and the hydro- 

on fire, and give rise to dangerous explosions. When 

iperly conducted, however, the hydrogen from this process 

,y be collected in a vessel and its various characteristics 

liBpIayed.* 

Fuurth. The most common way of producing hydrogen 

by bringing together sidphnric acid and kiuc. 

'dUJiy Chcmb't, PlilladKljihlii, CowptrLhwaJt £ U). pp. 36, Srt, aS. 
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The chemical cliaDge is represented by the fulh 
equatiou ; 

Zn -I- H,SO, = ZnSO, + 1 

Zinc, Sulphuric acid, Zinc sulpliate, Iljdrogcnfj 



The zinc has affinity for the compound radicle SO, , known 
as the sulphuric acid radicle, and it is plain that by reason 
of its affinities the zinc takes the place of the hydrogen — or 
the place which tlie hyilrogen formerly held as related to 
the sulphuric acid radicle, SO^ — and that the hydrogen, 
thereby left with- 
out any tiling to 
combino with, ap- 
pears an a free and 
uncombined sub- 
stance. The hy- 
drogen produced 
bythisraetliodcan 
be readily collect- 
ed and examined. 
Perhaps it ought 
to be etated that 
neitherof the proc- 
esses thus far ex- 
plained is likely 
to yield hydrogen in an absolutely pure condition. The vn- 
rious substances used are likely thcm.sehes to contain, asso- 
ciated with them, small amounts of other substances which 
e impurity to the gas evolved. 

Powers and Properties Manifested by Hydrogen. 
Hydrogen has been seen, from the explanation already 
, to be a gas. Down to within a few years it resisted 
all attempts to liquefy it. Chemists submitted it to inteoafl j 
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cold aDd enormous pressure, and to both these influences at 
the same time, but without avail. Within a few years, how- 
ever, by use of ampler resources and contrivanoea for the 
application of these condensing agencies, it has been brought 
down to the liquid and perhaps even to the solid state. 
As a gas it is colorless, odorless, tasteless. 
Bulk for bulk, it is the lightest substance known in nature, 
'ITius a quai't of atmospheric air, light as it is, weighs over fonr- 
•,a times as much iis a quart of hydrogen. A cubic inch of 
lid weighs more than two hundred thousand times as much 
a cubic inch of hydrogen. Thia lightness is properly 
illustrated by iuflaLing a soap bubble with hydrogen rather 
than with air. When soap bubbles are filled with air they 
fall, unless, indeed, carried upward by a temporary current; 
it when filled with hydrogen they invariably rise with great 
ipidily. By reason of this great lightness hydrogen was 
>rmerly used for the inflating of balloons, but at the pj'esent 
■J illuminating gas is so much cheaper that the latter is 
lerally used, although it is much heavier than hydrogen. 



DifTusive Power of Hydrogen Gas. 

It is not inappropriato to call attention here to certain 

■ interesting relations th:it iiydrogen manifests toward gases 

and solids. Thus hydrogen possesses to a niai'ked degree 

that curious facility of passing into and permeating other 

ises which is spoken of as it» diffusive power. True, this 

r is possessed by all gases to a certain extent; but in 

Bipidity of action none approach hydrogen. As early as 

^82.5 a German chemist named D&bereiner announced his 

observations of this power. lie noticed that upon collecting 

some hydrogen in a cracked Jar, placed in a pneumatic trough, 

the hydrogen leaked out into the air more rapidly than the 

air went in. So that in fact the water of the trough rose on 

the inside of the jar. It has been since discovered that 

when almost any two gases whatsoever, if only of different 

■densities, are separati;d by a partition having fine cracks or 
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holes in it, the lighter gas always moves out into the heavier 
one more rapidly than the heavier gas moves in. As hydro- 
gen is the lightest of all, of course it diffuses into other gases 
with the greatest rapidity. 

In liquids hydrogen does not ordinarily dissolve in any 
considerable quantity. 

With solids, however, it displays some properties that are 
well-nigh incredible. Thus it has a very curious aptitude 
for passing into the very interior of certain solid metals. 
The white, compact, solid metal palladium, although it has 
no visible pores, has the power of swallowing up into itself, 
in some mysterious way, nearly a thousand times its bulk 
of this gas; and, again, a thin sheet of this same solid metal, 
air-tight to all appearances, allows hydrogen to pass through 
it as easily as a sieve does water. 



The Most Interesting Chemical Property of 

Hydrogen. 

By all means the most interesting chemical property of 
hydrogen is its power to unite with oxygen. When it does 
so unite all the phenomena of combustion appear. These 
phenomena are generally the production of heat, light, flame, 
and the formation of some new chemical compound. So, then, 
when hydroiren unites with oxygen it burns, it gives out 
light (although that light is of but feeble intensity), it gives 
out an enormous quantity of heat, it forms an oxidized prod- 
uct. This product is water, but water that — owing to the 
great heat of the combustion — is raised to the form of invis- 
ible vapor. When, however, a jet of hydrogen gas is burned 
under a bri<rht but cool bell-glass, the deposit of mist 
quickly formed on the inside of the glass shows that the 
vapor produced by combustion has now condensed on the 
bell to minute liquid drops. 

In the matter of the heat involved hydrogen has the dis- 
tinction of being above every other substance. One pound 
of hydrogen when burned under favorable conditions evolves 




Plate II.— Bottling natural mineral water. (See Cliap. XVI.) 
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heat enough to raise thirty-four thousand, four hvndred 
and sixty-two jHjumiif of water from zero centigrade to 
one degree centigrade, or 
nearly the same as from 
32 degrees F a h r e n h e i t 
to 34. degrees Fahrenheit. 
This expression of the cah)- 
rific power of hydrogen has 
the same menninij: as the 
following more teehnieal 
one; namely, burning hy- 
drogen affords thirty-four 
thousand four hundred and 
sixty-two thermal units. 
Now carbon, a fuel wliicli 
nature has provided, and 
which is certainly admira- 
bly fitted to l)e man's eliirf 
combustible, yields but 
eight thousand and eighty 
thermal units of the kind 
just referred to, and for 
purposes of comparison it may he added that sidj)hur yiehh; 
but two thousand two hundred and sixty thermal units. 




Fhj- H. a plass tulx' liold (>v«»r a hydrojrrn 
ttiinn'. for tlH' i>uriM)s» of dcvi'lopiiiK a mus- 
ical n()t(>. 



Hydrogen Cannot Supply the Uses of Atmos- 
pheric Air. 

Notwithstanding the remarkable evidences of chemical 
affinity suggested by what has just been said, hydrogen can 
in no sense act as a substitute for the atmospheric air. Thus, 
it does not support animal life nor will it sustain the com- 
bustion of a candle. A living animal immersed in a room 
full of hydrogen would be drowned in it; a burning candle 
carried into such a chamber w^ould be extinmiished as if 
dipped in water. In fact the comparison with drowning is 
very.proper, for in drowning a living animal the water does 
5 
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nut chemii'itlly injure the organism; tliu liyilrogcn and the J 
water, in tht cases supposed, have siiiiilar action in prevent^ 
tag both the animal and the taper from securing their suppi 
of oxygen. 

Uses to Which Hydrogen May be Put. 

Hydrogen as the elemeutai-y gas tinds but few application 
in the aim. It ia true that I'rom what has been said it a| 
jiears as if its wonderful calorifiu power might be utilized i 
some of the arts where high temperatures are requisite. But 
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the coat and difficulties attending its preparation, the liabil- 
ity to loaa during its storage, and the danger from explosion 
while in actual use, these and other circura stances have led 
even the skilled artisan to content himself in most cases with 
other, though inferior, materials. 

Bntif the reader has attentively followed the introductory 
chapters of this work he must have perceived that hydrogen 
is made of great service in many of tlio measurements em- 
ployed by the chemist. It has been noted that it is used as 
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the standard of equivalence or atom-fixing power. It has 
been spoken of as the standard of atomic weight, and from 
what has appeared in the remarks upon its lightness it seems 
that it has been properly adopted as the standard of density 
for gases. 
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Chapter X. 



BALLOONS. 

SHE I'emai'kaMo lightness of Iiydrogcn early eiig* ^ 
gGsted the fitoeaa of that gas for the iiiflatio 
balloons. From the earliest ages men have desired, 
to navigate the air. The drudgery of land travel- 
ing over hills and mountains, over marshes and strcaniB, 
through jungles and forests, has led men to prefer voyaging 
even by sea. Thus the people of the United States crossed 
the stormy Atlantic in large numbers long before they trav- 
ersed the wilds of the American continent to the Pacific 
coast ; and the early voyagers from New York to the Golden 
Gateof San Francisco preferred the water way, though it led 
them through an enormous distance and around the perilous 
Cape Horn, rather than undertake the shorter course over 
the Rocky Mountains. Even at a later date, the sea voyage 
to Panama, and across the Isthmus, and again by water way 
to San Francisco was the ordinary course, until Pacific rail- 
roads created a land pathway from one side of the continent 
to the other. So men, envying the bird in its flight through 
the mobile air, have desired yet more to conquer its smooth 
courses, just as their keels have found a sliding pathway in 
the watery main. But no tinly successful air-voyaging was 
possible until about one hundred years ago. 

Invention of the Balloon. 

In the year 1783 two brothers, named Stephen MontgolHer 
and Joseph Montgolfier, succeeded in sending up into the 
atmosphere the first air-ship worthy of the name. They lived 
in France, at a little town named Annonay, situated about 
forty miles south of Lyons, and at the junction of two small 
streams whose clear waters How into the Rhone. Here the 
brothers carried on with increasing skill and si 
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facture of paper, a buaincHs which their futher had conducted^ 
there before them, atid whiuh iu faet 19 carried on by tlieicl 
\ desceadimts of the same Dame even at the preseut day, 
1 brotherSj Stephen and Joseph, were akiUful niechaiiies, and ] 
one of them, it is said, had studied Dr. Friestiey's work o 
" Different Kinds of Air." This seems to have led him Xd^^ 



Fib. 10,— One of lh« ballcwns of ih« ManigoLfler brotnera. 

I'the idea of nerial navigation. However that may he, it is a 
k matter of history that on the 5th of June, 1783, the two 
^'brothers sent up from Annonay a balloon about thirty-five 
lieet in diameter. Natnrally it was made of paper, though 
Ijined with linen. The ascensional power of this balloon was 
^dueto a proportional lightening of the air within it by the 
■influence of heat. The heat was produced by the combustion 
•of a large quantity of chopped straw, and also from burning 
f-wool previously saturated with a little alcohol. Probably 
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the Mootgolfier brolliers diil not ttieii fiilly know why 1 
balloon ascended ; they appear to have thought that it a 
because of the volumes of smoke that filled it. It is hardly 
pnibablo that either Stephen or Joseph Montgolfier thought 
at that time of using hydrogen for their air-ship, notwith- 
standing its extraordinary lightness had been a matter of 
publiu scientific knowledge for six or seven years. This may 
aeem the more strange in view of the admitted fact that as 
early as 1T6V Dr. Black, of Edinburgh, had publicly demon- 
strated that a suitable vessel filled with hydrogen would 
ascend in the atmosphere as cork does in water. Of course 
they did not think of employing illumiualing gas, because 
that substance was not then in public uee. 

The First Balloon Ascension in Paris. 
The news of the wonderful and successful experiment at 
Aimonay was quickly sent to Paris, where it produced a 
profound sensation. The interest extended from scientific 
men to the royal family and the court, attd indeed to the 
entire population of the capital. For the French people — 
perhaps even more than other nations of Enrope^seem to 
have been particularly interested at this time in the study 
of chemical and physical science. The king instantly issued 
a summons for the Monlgolfiera to come to Paris. But the 
Parisians could not even await their arrival. The suientists 
of the capital, though but partially informed as to the char- 
acter of the experiments performed at Annonay, at once set 
to work. They decided upon hydrogen gas as probably the 
best fitted for their purposes. Whereupon they filled a glob- 
ular balloon with this gas, and prepared to try it in public 
upon the Champ- de- Mars. It is said that three huudrwl 
thousand people— that is, nearly half the population of. Paris 
— gathered together, crowding every adjacent avenue, to 
witness the unparalleled undertaking. The liberation of the 
aerial mesMenger was announced to the public by a salvo of 
artillery. The balloon immediately shot upward and, pierc- 
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ing the clouds, was soon lost to view. When afterward it 
slowly descended it reached the ground some fifteen miles 
from Paris. Here a troop of peasants who detected the 
strange apparition were at first struck with alarm, but 
quickly rallied, attacked the monster and, of course, soon re- 
duced it to shreds. The whole chain of circumstances 
created so much excitement that the Government thought 
proper to issue a proclamation upon the subject. A copy of 
this interesting document is here presented in its original 
form. Perhaps some readers will find the accompanying 
translation acceptable : 



French Proclamation Respecting Balloons. 



Avertissemeni au pevple sur V en- 
levement des bcdbns ou globes en 
Cair. 

On a fait une decouverte dont 
le gouvemement a jug^ convena- 
ble de donner connaissance, aQu 
de prevenir les terreurs qu'elle 
pourrait occasioner parmi le peu- 
ple. En calculant la difference 
de pesanteur entre I'air appele 
inflammable et I'air de notre at- 
mosphere, on a trouve qu'un bal- 
lon rempli de cet air inflamma- 
ble devait s'elever de lui-meme 
dans le ciel jusqu' au moment oil 
les deux airs seraient en equili- 
bre, ce qui ne pent ^tre qu' k une 
tres grande hauteur. La prem- 
iere experience a ete faite k An- 
nonay, en Vivarais, par les sieurs 
Montgolfier, inventeurs. Une 
globe de toile et de papier de 
cent cinq pieds de circonference, 
rempli d'air inflammable, s'eleva 
lui-meme k une liauteur qu* on n* 
a pu calculer. La meme expe- 
rience vient d'etre renouvelee k 
Paris, le 27 aoftt a cinq heurs du 



Notice to the jmblic relative to the 
ascension of baUoons or globes into the 
air. 

A discovery has been made to which 
the Government considrs it adviseable 
to call public attention, with a view 
of preventing alarms which it other- 
wise might occasion among the people. 
Upon calculating the difference of 
weight between the gas called in- 
flammable air and the air of our 
atmosphere it has been discovered 
that a balloon filled with this in- 
flammable air ought to rise of itself 
to a height in the sky such that the 
air within and that without will be 
in equilibrium, a condition which will 
not be reached except at a very great 
elevation. The first experiment of this 
port has been made at Annonay, in 
Vivarais, by the Messrs. Montgolfier, 
the inventors. A globe of cloth and 
paper one hundred and five feet in 
circumference and filled with inflam- 
mable air rose of itself to a height 
which the observer could not calcu- 
late. The same experiment has just 
been repeated at Paris on the 2'7th 
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soir, en presence d'un nombre in- 
fini de personnes. Un globe de 
taffetas enduit de gorame elas- 
tique, de trente-six pieds de tour, 
v'est eleve du Cham pde- Mars 
(usque dans les nues, oh on I'a 
perdu de vue. On se propose de 
repeter cette experience avec des 
globes beaucoup plus gros. 

Chacun de ceux qui decouv- 
riront dans 1o ciel de pareils 
globes, qui presentent I'aspect de 
la lune obscurcie, doit done Stre 
pr^venir que, loin d'etre un phe- 
nomene effrayant, ce n'est qu'une 
machine toujours composee de 
taffetas ou de toile leg^re re- 
couverte de papier, qui ne pent 
causer aucuu mal, et dont il est 
k presumer qu'on fera^qtielque 
jour des applications utiles aux 
besoins de la societe. 

Lu et approve^ 
ce 3 septembre, 1783. 

Dp SAU\^GNY. 



of August at 5 o'clock in the afternoon, 
in presence of a vast number of per- 
sons. A sphere of taffeta coated with 
gum elastic, thirty-six feet iii circum- 
ference, ascended from the Champ- 
de-Mars even to the clouds, in which 
it became lost to sight. It is contem- 
plated repeating this experiment with 
very much larger globes. 

Any one who discovers in the 
sky globes of this sort, which present 
the appearance of the moon when 
slightly obscured, may therefore be 
warned that, far from being an 
alarming phenomenon, this is nothing 
but a machine always constructed 
of taffeta or of light cloth covered 
with paper, which cannot do any 
injury, and which it is thought 
will assume at some future time 
a form that will prove useful to the 
public. 

Read and approved^ 
September 3, 1783. 

De Sauvigny. 



The enthusiasm created by the original experiment of the 
Montgolfier brothers led soon after to the election of botli 
of them to the Academy of Sciences. Moreover their inven- 
tion was not allowed to rest long in its original form. 

As early as November of the same year, 1783, two French 
gentlemen had the courage to risk their lives in an ascension 
from Paris in a balloon of the Montgolfier construction. 
They floated freely away and made their landing in safety. 
One of them, however, De Rozier by name, on a later occa- 
sion attempted to cross the Channel in a double balloon — one 
part containing hydrogen, the other lieated air in the Mont- 
golfier style — ^but at a great altitude the hydrogen balloon 
took fire from the other, and De Rozier and his companion 
were dashed to pieces on the rocks of the French coast. 
Since that early rash attempt thousands of interesting and 
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safe balloon ascensions have been made, and inc 
knowledge of the scientific principles has largely oontribiiled 
to the pleasure and comfort of the aeronaut. Yet the con- 
trivance has been inmost cases little more than a scientific toy. 

The atmospheric air has thus far baffled the inventive 
power of man to such an extent that the balloon as a me- 
chanical contrivance has been subjected to but few decided 
improvements since the Montgolliei's' first expeiiments, and ■ 
ascensions have afforded comparatively meager scientific ( 
other results. Indeed the most of them h:ive been conducted 
for personal gratification or popular entertiiiument. 

Of course there are marked exceptions. Thus on the 24rt 
of August, 1804, two of the youngest but most distinguished 
of French physicists, Messrs, Gay-Lus.'<ac and Biot, made an| 
important ascension. Their voyage was upon the suggestio 
of the French Academy of Sciences, and they were well'l 
equipped with apparatus for making observations. TbeirC 
results, particularly in magnetism, showed the same lawK'fl 
prevailing in the higher air as upon the earth. But as therel 
were afterward expressed some doubts as to the accuracy of 
these observations, Gay-Lussac made a later and higher 
ascent alone. On the 16th of September he attained an alti- 
tude of twenty-three thousand feet, the greatest reached up 
lo that date. His experiments on this occasion verified 
those made before. Of particular interest was his test of 
the composition of the atmospliere. The bottle of air col- 
lected at this great height was found upon analysis to pos-. i 
sess the same proportional amounts of oxygen and nitrogenij 
as that collected at the surface of the earth.* 

* of Oa^-LUBsac and VHi» ueenaion ttuire Is lold > pretty tale, nblcb I wtU not mar 
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The height of tliis ascent has since been surpassed by 
Messrs. Glaialier and Coxwell, of England, who on Septem- . 
ber 5, 1362, attained an aUitiide of about thirty-seven thoa~'l 
sand feet. 

Recent Use of Balloons. 
Hydrogen is the lightest substance known, and this con- 
sideration tends to make it a particularly favorable one for 
the inflation of balloons. But we have seen that it was not 
until alter the Montgoltier experiments tj;at hydrogen came 
into considerable use for this purpose. Hydrogen is still 
occasionally prepared for purposes of this sort, 
produced by the action of sulphuric acid upon zinc. The 
equation, already given, explaining this action is as follows: 
Zn + H,SO, = ZnSO. -|- 
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In case zinc is not at hand, iron-turnings have been made 
to answer the same purpose; and the chemical change in thi 
event is represented by an equation of very similar form: 
Fe -f H,SO. = FeSO. -|- H, 

I-nn, Siilpliiiriu itciii, Ferrous sulphate, Hydrogen, 
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Both of these methods of producing hydrogen are still 
Romewhat used where balloons have to be inflated at points 
distant from a city gas supply. But ihe manufacture of ilhi- 
minating gas is now so general, even in small town.s, that this 
substance is oftener used at the present day. The superior 
convenience with which it may be obtained makes it pre- 
ferred to hydrogen, notwithstanding the greater ascensional 
power of the latter substance. 
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Balloons have Ijeen used aornewliat in recent wars. Thus 
they were found of conBiderable service during tlie siege of 
Paris, ijarticularly from September 23, 1870, to January 28, 
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1R71. During these last four inonthB of that siege sixty-tw 
balloona left the city, and they carried out above two mill- j 
ion letters ami a great many homing pigeons. Some of ,| 
the birds returned, escaping the 
I' r u H s i a n sharp - shooters, and 
brought with them letters and dis- 
patehes, printed upon the thinnest 
of paper, in the form of micro- 
HL'opic photographs. The balloons 
also took out of Paric during the 
siege two especially notable passen- 
gers, the one, Leon Gambetta, lie;iJ 
of the provisional governtneut, whn 
left the city for the purpose of cou- 
dueting the public business in Xhr 
provinces; the other, Profe.-s.u- 
Janssen, who had the courage lu 
venture out in the darkness of early 

morning, so as to escape the rifles of ISSSf-.:"^'^^^^ »Ta StS[ 
the beleaguring forces. IIi» voy- grat^TsSSrwJ™ pS^A""^' 
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' the station in Algeria from which he ^^ '"t."!" "'^^ " 
was to observe the total eclipse of 
the sun, to occur a few weeks later, December 22, IBVO. 
Readers who are interested in the use of balloons during 
this memorable siege will find an excellent account in Mr. 
Glaisher's book. Travels in the Air. It contains a descrip- 
tion of the manufacture of air-shipa in Paris, together with 
a liBt of the passengers and an account of the freight of 
those leaving the city when other means of commuuication 
with the outside world were cut off. 
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The Centenary of Ballooning. 

It is worthy of not.e that in August, 1883, the centenary 
of the experiment of the Montgolficr brothers was celebrated 
by their descendants and others at Annonay by a modern , 




ttOgn ol aucti laNm, tlie 



OHLORTNB. 



811 



pna journey outside of liis awn dominions, heard so much! 
of the fame of this uiiemist, unknown to Iiini before, that he 
regretted having previously done nothing for him. He 
therefore commanded that Scheele receive the honor of 
being created chevalier. "Scheele?" "Scheele?" said the 
minister charged with this duty. " This is very singular ; 
what in the world has Scheele done?" The order was per- J 
emptory, however, and a Scheele was knighted. But, as 
reader may perhaps divine, the honor designed for 
acute diseovyrer fell upon another Scheele — not upon tbatJ 
Scheele unknown at court but illustrious among the scien<| 
tists of Europe. 

It was this obscnre apothecary, then, who added to thfiw 
list of his other investigations a wtudy of the properties oSl 
wliat was ordinarily considered a dull and uninteresting earthy 1 
substance called black magnesia. This study was repaid by 1 
the revelation of no less than four hitherto unknown sub- 
stances: oxygen, barinm, manganese, and finally chlorine. 
Scheele obtained the chlorine in the year 1774 exactly as it 
is done at the present day; namely, by bringing together 
the two substances now called hydrochloric acid and black j 
oxide of manganese, but then known as muriatic aoid and .| 
black magnesia. 

Scheele believed, and other celebrated chemists concun'ed 1 
I in the opinion, that the greenish gas that he discovered was j 
j a compound substance. It was not until thirty-six 
; later — that is, 1810, that the dislingnished English chemist, 
■ Humphry Davy, demonstrated that this gas is not a 
compound, but is in fact a simple elementary substance; and 
it was he who gave to it the name chlorine, a. name derived 
from a Greek word {x^<^6^, chloros, meaning light green), 
I conveying an obvious and convenient reminder of one strik- 
ing property of the thing referred to. 

How Chlorine is Obtained. 

The preparation of chlorine is a very simple matter. It i| 
may bo accomplished by placing some powdered black o 



of manganese, an abundant miDeral BubHtaucc, in any deep 
glass vessel, and then adding to it four or five liraes its 
weight of hydrochloric acid. Any one who performs tlio 
experiment will soon perceive the greenish gas rising higher 
and higher in the vessel, and will soon discover its choking 
and corosive odor. Moreover, the chlorine gas, whicli is 
two and a half times as heavy as air, accumulateB within the 
flask and stays there some time. This is the process whic-li 
has already bettn referred to as that which first revealed the 
gas to Stiheele, and this process, with but slight modifica- 
tion, is that which lo-day furnishes the enormous quantities 
of chlorine demanded by modern iiidustriea. 

The Characteristics of Chlorine. 

The three most stiiking properties of chlorine are its 
noticeable weight — greater than that of the air — its greenish 
color, and its exceedingly irritating odor. Its influence on 
the animal organism is very violent ; more than one exam- 
ple can be produced of fatal reauItB following the inhalation 
of too large quantities of the gas. Thus Pelletier, a French 
chemist, died at Bayonne from the effects of Inhaling a con- 
siderable quantity of chlorine, and Roe, a young Irish 
chemist of Dublin, lost his life from the same cause, while 
studying the properties of this gas. 

Chlorine, as a chemical agent, manifests its activities in 
connection with two principal properties ; namely, its affin- 
ity for hydrogen and its affinity for the metals. By this 
statement it is meant that chlorine manifests a strong tend- 
ency to combine with hydrogen and to combine witli 
metals whenever these substances are accessible to it. 

When it combines with hydrogen it forms the imporlanl 
compound designated by the formula HCl and called by 
the chemist hydrochloric acid, but known in commerce as 
muriatic acid. 

When chlorine combines with the metals it forms chlo- 
rides of them. Thus with the metal sodium it forma the 
compound designated by the formula NaCI and called by 



Fthe chemist iiuiifFerently sodio chloride or chloride of 
Vsodium; these will be recognized as the chemical namcB for 
pthe important aud well-known substance, common salt. 

Chlorine and Hydrogen Combine. 
Chlorine and hydrogen hiive a very strong tendency to 
combine with each other. They manifeat this tendency in a 
variety of ways. Thus, if the two gases are prepared in a 
dark room, they may be there safety mixed together in a 
gla.ss vessel; but if the sunlight be allowed to enter and fall 
upon the vessel there ia danger of its being shattered by 
the exploaiv-e violence with which the hydrogen and chlorine 
immediately unite. As a result of this combination hydro- 
chloric acid is produced. 



The chemical change 
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ight in contact with vegetable 
hydrogen, it proceeds to 
own benelit, even though 
ds are thereby destroyed. 



Although this o]>eration, as well as the foregoing one, pro- 
duces hydrochloric acid, yet neither method is suitable for a 
lietermttiate preparation of that substance. It is usually better 
o prepare hydrochloric acid in another way. Tlius it ia easily 
" ;cd by the action of sulphuric acid ii] 



Experimental Preparation of Hydrochloric Acid. 

Any one who will take a little trouble may prepare hydro- 
ihloric acid in the way indicated. 
The experiment should be conducted as follows : 
Place a small amount of common salt (Na CI) in a small 
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retort, to it add enough conctntrated lulj.hunc at-id to 

Imake a thm pasttjj connect the neck of the retort with a 
clean test tube containing a few diopa of water Now 
genii) heat the retort, hydrochloric icid wUI be formeS and 
will disuli finni the ufuit ^iid luiidtusc m the itccnci 



The chemical change is represented by the following equi 




NaCl + H,SO, 

Stidic cldoride, Siilpli 



HCI + HNaSO, 

iciil, HydroL'liloric acid, Hjdro-sodir^ filllpllllLL^ 
3Gi IM 



I56i 
The product of the foregoing e 
Siree ways, and so shfwn to by ii 



cperiment may be tested in 
fact hydrochloric acid. 
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J'^rst: Take a minute drop on a glass rod and apply it to' 
B tongue and observe the sour or add taste. 
Second: Take a drop on a glaaa rod and toiieli it upon 
mine litmus-paper. It should turn the paper red. 

ITiird: Pour a few drops of the liquid into a solution of 
brgentie nitrate (that is, nitrate of silver) iu a test tube or 
i^tber convenient vessel; a white precipitate of ai-gentic 
ihtoridc will be formed. 

The method of producing hydrochloric acid just described 
ind illustrated is followed in the manufacture of the sub- 
I for general chemical purposes. It is also employed 
^or the production of the CMormoua quantities of it iuci- 
Mentally used in the manufacture of bleach in g-powder. 

Experiments with Common Salt. 

Chlorine has already been shown to combine with the 
metal silver, producing the compound designated by the 
formula Ag CI, and called argentic chloride and also chloride 
of silver. This substance may also be prepared very easily 
somewhat as follows : 

Make a solution of nitrate of silver. Prepare it either by 
dissolving in w.iter the crystals sold by apothecaries, or by 
dissolving a small piece of silver in nitric acid. Then make 
i-ond clear solution, by dissolving common salt in ordi- i 

ry water. Add the salt solution cautiously, drop by drop 
'io the silver solution. There immediately appear thick , 
masses of white flakes which sooner or later fall to the hot- i 
torn of Che vessel. These flakee consist of the argentic chlo- 
ride (Ag CI), also called chloride of silver, already referred to. 

The chemical change is represented by the following equa- 
tion : 

AgNO, + 
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lis white precipitate produced in this experiment pos- 
3 Biirae special intereBt f rom its use in pliotograjihy. In 
fatit chloride of silver, aa a thin film upon the surface of the 
photographic paper, is the principal substance which, hy its 
sensitiveness to light, produces the photographic picture, 
and any one who tries the experiment last described will 
soon observe, upon preserving the chloride of silver so pro- 
duced, that it rapidly grows dark upon exposure to sun- 
light. 

Bleaching-Powder. 

The substance known as bleaching-powder may be spoken 
of in a general way aa consisting of lime saturated with 
chlorine. This description points very justly to the method 
of producing the substance, but gives no idea of the chemi- 
cal arrangement of the constituents. Scheele early noticed 
that chtoriue gas possesses decided hieaching power, and 
the French chemist, Berthollet, soon called attention to the 
possible applications of the substance in the bleaching indus- 
tries. But its annoying odor made it impracticable to use 
chlorine on any large scale in the state of gas, and forbade 
the use of it even when dissolved in water. At length, 
twenty years after the discovery of the gas — that is, in 17S8 
— the plan of absorbing chlorine in lime was hit upon, and 
here may be discovered the beginnings of the bleaching- 
powder industry, now one branch of the alkali trade, the 
greatest chemical industry conducted by man. This bleach- 
ing-powder, at first a mere chemical curiosity, is now manu- 
factured by the ihousanda of tons, and is used in the bleach- 
ing of cotton and linen goods, both in the form of cloth and 
in the form of the various kinds of paper. 

In another place (pp. 98, 99, 100, 101,) reference is 
made to the vast proportions attained by the alkali indus- 
try; meaning the manufacture of certain compounds of 
sodium, the one produced in largest quantities being doubt- 
less sodic carbonate (N"a,CO,), commonly called soda-ash. 
In trade this substance is called an alkali because of certain 



alkaliue properties h poasessea, but more strictly sjieakiug it 
is called a salt— sometimes an alkaline salt. lu cliemistry the 
single term alkali ia reserved for certain componnds called 
liydrates, of which indeed sodiu hydrate — having the for- 
mula NaOn, and often called caustic soda — is an apju-opriatp 
example. This latter compound is at present manufactnrfd 
on a large scale in connection with soda-asli. 

^The alkali trade has passed historically through tliici' 
well-marked stages. The first stage is the ancient one; 
in it aodic carbonate is produced from the ashes of sea 
weeds. The second stage is that of the ascendency of the 
Lelilaiic process of making so<lic carbonate from common 
salt. The third stage, the Soh-.iy process, also called the 
ammonia process, of making sodic carbonate from common 
salt, has come but recently in vogue, but threatens to absorb 
the entire field. 

The Leblanc process involves at least three great depart- 
ments. In the fii-st department sulphuric acid ia manufact- 
ured ; this acid is added to common salt and as a result 
Bodic sulphate and hydrochlonc acid are produced ; the 
sodic sulphate is carried to the second depai'tment, where it 
is turned into sodic carbonate— that is, soda ash; ibe hydro- 
chloric acid is carried to the third department, where it is 
turned into hie aching-powder. This production of hydro- 
chloric acid and bleaching-powder. contributes somewhat 
towai'd the support of the Leblanc process, thus to a certain 
extent offsetting the decided merits of the Solvay process. 

In the production of bleaching- powder the first step 
is to mingle hydrochloric acid and manganese dioxide. 
Chlorine gas is thus generated, much as it is when the 
experunent is conducted on a small scale as already 
described. The chlorine so generated is passed into a 
chamber provided with shelves and containing slaked lime. 
Hereupon the lime absorbs the chlorine, giving rise to a 
new substance called bleaching-pnwder — .also known as 
chloride ol' lime. From what liaa been said it is evident 
^tbat chemists know perfectly well what elementary substances 
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enter into this comjiound. But there are decided < 
ences of opinion as to the exact way in wliich the atoms are 
arraDged, Ble aching-powder is generally considered to be 
a fhemical union of calcic hypochlorite and calcic chloride 
with the additif.n of calcic hydrate. The folloMiiig may ' 
Kerve as a formula fur the comiiouml: 



CaCI.O, 

I tic liypotlilur 



CaCI, + 

(Calcic diloride.) 



CaO.H, 

[Calcic Jijdrale.) 




The use of bleach ing-powder offera certain advautages. I 
The following are some of them: 
— The compound ia itself white. 
— It is a powder which can "be easily handlcdj packed and 
transported, 

— With reasonable precaiitions the active bleaching agent, j 
chlorine, is retained by the powder in available form for a fl 
considerable lengtli of time. 
—Tile liberation of this chlorine is easily effected. The | 




—In actual use in the proeesB of bleaching, the entire 
, amount of chlorine originally stored up in the powder may- 
be liberated in contact with the sroodii to be bleached. 
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111 the lileaehing of cotton goods chlorine is not the only | 
ageut relied upon, thougii it Beems to be an essential one. f 
At least three other Bubstances are employed to contribute 1 
to the bleaching. Each of them either removes some color* ^ 
or stains from the goods or ao modifies them that the solu- 
tion of bleacl ling-powder — one of the last agents to be 
employed — can the easier finish its work. The three sub- 
Ntanees referred to are milk of lime, dilnted sulphuric acid, 
and sodic carbonate, also called Boda-asii. 

The pieces of cloth, being sewed together in contiiii]oas.| 
strips many miles in length, pass from one liquor to another, | 
with washings in water at proper times, until finally, after j 
being fully whitened by the chlorine preparation and theu j 
receiving the final washing in water, they emerge from t^ 
works, completely bleached. 
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Chapter Xll. 

BROMINE. 

3|R0MIXE is ail uiementavy substiince which was' 
first recognized as such in the year 1826. It was 
detected by Antoine Jerome Balard, a Fi 
clicmiBt, who, at the age of twenty-four, was so 
fortunate and skillful as to discover this interesting substance. 
He hved at Montpellier, not far from Marseilles, and bnt a 
few miles from the Mediterranean. The waters of this great 
inland sea contain about one tenth more mineral salts than 
those of the larger oceans, and so it has long been the cus- 
tom along the suuthern coasts of France to manufacture salt 
from tliera. The watei", being drawn from the sea and 
pumped into successive membera of a series of basins or res- 
ervoirs, evapoi'ates under the warm raya of the southern 
sun. The basins are about a foot in dejith, but aggi'egate 
hundreds of acres in area. Little by little the salt separates 
from the water and is raked out of the basins and transferred 
to level surfaces called tables. After this principal constit- 
uent is removed there remains a strong brine called bittern. 
While experimenting npon tiiis bittern Balard was struck by 
a peculiar orange-red coloration of great intensity which 
appeared at certain stages of his work. Upon further study 
he was able to demonstrate that this color was due to an 
elementary substance hitherto unrecognized. Thus he had 
the felicity of securing for his name permanent renown as 
line of the few philosophers who have been able to detect a 
new member of that family of prime and fundamental 
materials from which h built the structure of the univerae. 
It has already been stitcd that the elements at present 
acknowledged are about BP^ enty in number, and some of 
these were known to the .in«ients. In some cases a single 
individual has been able to recognize several new ones; 
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Sch^ele has already been mentioned as the discoverer of 
manganese, barium and chlorine. So it appears that while 
many eminent men, by conscientious labor, have contributed 
to the building of the science of chemistry as a noble and 
harmonious edifice, necessarily but few of them can possibly 
attain the specially conspicuous honor of having their names 
forever associated with the first discovery of any of the pri- 
mary elements. An interesting story is told of the eminent 
German chemist, Justus von Liebig, in connection with this 
particular subject. Some years before Balard's discovery 
there was sent to Liebig, from a German establishment where 
salt brines were employed, a flask of liquid — which was 
afterward found to contain bromine, or at least to be very 
rich in bromine — with the request that he examine the con- 
tents. The general appearance' of the substance seemed to 
be that of chloride of iodine, and this circumstance led 
Liebig to neglect making a more searching investigation. 
After Balard had published his discovery Liebig perceived 
his own unfortunate oversight, and occasionally, of course not 
without some bitter regret, he displayed to his friends this 
interesting flask, to show them how one might fail to make 
a discovery of the first importance by reason of some trifling 
oversight.* 

Distribution of Bromine. 

The name bromine is derived from a Greek word (PpCjiiog, 
bromos, a bad smell) which suggests the very pungent odor 
of its vapor. The substance occurs in the brine of tlie ocean 
and in that of mineral springs. But of course it does not 
exist there in the uncombined form; instead, it is united with 
certain metals in the form of bromides. In sea-water the 
principal bromide is bromide of magnesium (MgBrj). 

Experimental Preparation of Bromine. 

Bromine may be prepared by any one who is willing to 
take a little trouble. 

♦Scbuteenberjrer, Paul; Traiti Oc Chimie Qenfy-ale, Parts, 1850, 1, 375, 
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Place in any suitable glass vessel a ema,!! amount of 
manganeBe dioxide, some potassic bromide (commonly known 
aa bromide of potassium), then some water, and finally a 
smal! quantity of hydrochlovic acid. Bromine is almost 
instantly liberated, and shows its presence by imparting to 
the liquid an orange hue. If the vessel is covered lightly, 
and then gentle heat is applied to it, the hromine will be 
expelled from the liquid and will appear above it as a heavy 
vapor of a rich reddish-brown color. Some care must be 
exercised, however, in conducting this experiment, since the 
vapor is very irritating to the eyes and also to the throat, 
and it has a general corj'osive effect upon most substances 
with which it comes in contact. 

Chemical Properties of Bromine. 

In its chemical relations bromine shows very decided 
resemblanceB to chlorine, having affinities for the same sub- 
Btancea, only less in intensity. Since its discovery it has found 
a considerable number of uses. Thns, it is an important sub- 
stance in the processes of photography; and the enormous 
expansion and growth of this art within a very few years 
has required in tlie aggregate large quantities of bromine. 
The considerable demand for bromine, which at first increased 
ita price, has produced, as might have been anticipated, a 
stimulating influence upon the manufacture of it. This has 
led to greatly increased production of the substance, not only 
in Europe but also in tbe United States. In Pennsylvania, 
Ohio and West Virginia it has become an important article 
of manufacture; in fact, tbe United States now furnishes 
the largest proportion of the entire amount of the material i 
produced in the world. 

One of tile most important compounds of bromine is that 
produced by ita union with silver. We refer to argentic 
bromide (commonly called bromide of silver, AgBr), This 
substance may be easily produced by the following simple 
experiment. 
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To a solution of potasslo bromide in water add a wate 
solution of argentic nitrate; a white or yellowish-white prei 

[ cipitate immediately aopeara. 




Pig. 21.— Loula Jncquta MaDd4 



Inm whom (be daKUNTeoljpe vmb 



namBfl. Born Bt CormaDles, France l~'ffl died 1 

The chemi(!al change is represented by the following 
equation: 

KBr -\- AeNOj = AgBr + KNO, 



Potasaic bromide 
119 


Argentic uiirale 
nans b, -eiKhi. 


Argentic bromide, 

IBIJ 

[larlabi wi'lglit. 


Polaaaic mlrali', 
101 

p.«sbjwplBl.l. 



The argentic bromide produced, at first nearly white in 
color, has the power of becoming black upon exposure to 




.—Photographer at work In a room lighted through a window of red 
(Red glasa cuts 00*1116 chief actiiilc.oT chemlcaJ, rays of Bonlfght.) 
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light, and it is this important property which makes the sub- 
stance suitable for use in the process of photography. 

Again, in the form of potassic bromide, bromine has had 
a very wide and beneficent use as a remedial agent; it is 
largely used in the manufacture of the salt last mentioned. 
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Chapter XIII. 

IODINE. 

I ODIN E belongs tu what may be t-alled a chemioi 
iiiily, the other members being chlorine and 
Limine. All three of these elements are found 
wa-water, but in very different quantities. 
Thus chlorine is extremely abundant ; bromine is in the water 
in minute quantities, while iodine exists there iii ^mountfi 
that are exceedingly small. They all exist as salts of which 
of course chloride of sodium is by far the moat ibundant. 
It has ab'eady been shown that bromine is obtainLd from sea- 
water, after enormous amounts <•{ the watei hive been con- 
centrated by evaporation. But iodine, the third element of 
the group, e.\i8t8 in sea-water in quantities so very minute 
that it cannot be directly extracted from it at any practicable 
cost. Even the concentration method just alluded to is not 
applicable in the case of iodine. It happens, however, that 
sea-weeds have the power of extracting from sea- water even 
the exceedingly minute amount of iodine, or of iodides, that 
the water contains ; and, jnoreover, when sea-weeds are 
burned, iodides are fo;ind in their ashes. 

The Discovery of Iodine. 

The discovery of iodine is associated with the history of 
certain of the most important and interesting products of the 
chemical arts. It also has a striking connection with some of 
the political and military affairs of France, and, indeed, of 
Europe, in the early years of ihe present century. Finally, 
its great usefulneBB to mankind is in marked contrast with 
the misfortunes that overtook its discoverer. 

The discovery of iodine is directly referable to the old 
soda industry. The term soda is a general one, and it was 
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formei'lj- used to int-ludecieveral different chemical compounds 
manufactured from Ihe asbes of sea-weed. Decidedly the 
most imp rtant of tl cse e d a 1 onute. This substance 
h-i a Hell maiked alkali le ie.(cUu) and although not an 
alkali in the htr ctest chemical licuiie it is yet the pi'iauipal 
] oduct of that greatest of all the hemical iuduatiies, kunwu 
asthe*lkal t li ("^oe pj 8(1 in 188) During tlie last sixty 
yea sal 1 tiilurc^ ilu' [u-oduetinn 




of ih a s ilkal ne o [ o nd f sodium has risen to 
enormous pr port oni s ch tl at n E inland alone the annual 
product of aod c ca bonate the ] c pal one, is probably more 
than BIX hundred thousand tons. This vast amount of alknli 
is consumed by civilized peoples in some of their most exten- 
sive industries, such as the manufacture of soap and of gla-s, 
and in many processes of bleaching. The extension of these 
branches of business has, of course, gone hand in hand with 
the increased production of alkali. Indeed, on the one side 



there has bee 

a steady i 



steady diminution in price and on the othei 



mptio 



; probably each > 
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Btance may be cooaidered. as both cause and t'ffVel of the 
other. Prior to 1793, however, the demands for alkali — 
vastly smaller than to-day — were all satisfied by the material 
obtained from tlie ashes of marine plants. Thus along the 
coasts of Great Britain, Franee, and especially of Spain, sea- 
weed of various kinds was gathered as a very important 
harvest. Some of the weed was used as a fertilizer of the 
Hoil ; more was dried and buruL'd for the siike of the ashes. 




On the British eoast the ash was known as kelp ; that pro- 
duced on the coasts of Normandy was called vareck, and 
that produeed on the Spanish coast went by the name of 
barilla. 

Now one of the important indireot effects of the French 
Revolution was that felt by the consumers of the old-fash- 
ioned alkali. In 1793 an embargo was put upon the supply 
of alkaline ashes, sui-h as kelp and barilla, into France. But 
the French demand for alkali from sea-weed — thnt is, sodic 
alkali, was very much stimulated by the draft upon the potas- 
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sic alkali for tbe prei»aration of the grea't ainoimts of salt- 
petre required for tbe manufaeture of gunpowder. The 
immediate eflect, therefore, was favorable to the anddeii 
development of an invention lay a French physician, Leblanc, 
hy which alkaline compounds of Rodium could be mannfaot- 
ured independently of the ashes of sea-weed — that is, from 
■ common salt. Notwithstanding the stimulus of the political 
affairs referred to, and the fostering help of the Government, 
the complexity of the Leblanc process was such that it was 
slow in gaining a foothold as a practical industrial method. 
But after its tirst successfuf establishment as a regular bus- 
iness, and up to almost the present day, the application of 
this process has continually widened, and for a long time 
the method held undivided sway in its important field. 

In the year 1811 Bernard Courtois, a French chemist, was 
engaged, just as other manufacturers were, in the production 
of nitrate of potash, or saltpetre, for use in gunpowder. He 
also manufactured soda from varech. In order to separate 
the alkali from the varech in a more refined condition the 
raw varech was subjected to a very careful purification. At 
certain utages of his experiments Courtois was stnick with 
the corrosion of his copper kettles ; he also observed that this 
corrosion was'most violent with certain liquids which, upon 
the addition of sulphuric acid, gave rise to the production of 
a magnificent violet vapor. He did not make the matter 
public, however, until late in the year 1813, when Ampfire 
brought tbe substance to the attention of Sir Humphry Davy, 
the distinguished English eliemist, who was then visiting 
Paris. Davy at once recognized it as a new element of sim- 
ilar character to chlorine. The next year, 1814, the substance 
was carefully investigated by Gay-Lussac, who gave to the 
world a very full description of its properties, and who nailed 
it iodine, from a (Ireck word {lo^tSrjq, ioeides, violet colored), 
suggesting the striking and c;haraoteristio color of its vapor. 
The political events of 1815 ruined the business of Courtois, 
and he sunk into poverty from which he was not able to re- 
cover, until finally he died, in 1838, poor and almost forgot tei 
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Present Sources of Iodine. 
AlthoDgli kelp, vnretli and barilla are no longer used for I 
' t}ie direct purpose of affording alkali, they are Btill produced 'i 
with a view to their yielding iodine. On the rough and 
Ftormy coasts of Scotland, Ireland, France and Spain, large I 
({uantiileR of sea-weeds are cast ashore. They are collected, ' 
they are dried in the sun, they are then burned, and llieir 
I ashes are employed, but prioeipally in the manufacture of 1 
[ iodine. Thus on the coasts of Brittany and Normandy the 
r occupation of collecting weeds oi/eupies three or t'uur th<m 
sand families for the larger part of the year. 

Experimental Method of Preparing Iodine. 
Iodine may be prepared in a manner closely resembling 1 
the process already described for bromine — that is, by placing I 
I in a suitable glass vessel a small amount of manganese diox- 
ide, some jiotassic iodide ((■ommotily known iis iodide of \ 
)>otas!^Umi),then 

finally a small 
quantity of hy- 
drochloric acid. 
Iodine is almost I 
instantly liber- ( 
ated, and shows 1 
its presence by J 
impartingtotha I 
liquid a broivn- 
ish color. If the j 
vessel is v( 
ered lightlya 
then gentle heat I 
is applied to it I 
the ioiline will I 
be expelled and appear in the vessel above the liquid as a j 
I heavy vapor of a rich violet color. This vapor readily eon- 
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deuBSB on the upper and colder portions of tlie vessel in the 
form of minute crystals of a color almost bluck. Thia is 
almost precisely the method employed on the large scale for 
the production of iodine from kelp. 



Chemical Properties of Iodine. 

The chemical cliarac I eristics of iodine are throughout.] 
closely allied to those of chlorine and of bromine, only, IbB 
general, iodine may bo said to have weaker chemical affinitieft:| 
thnn either of the other two. 




Iodine produces compounds of the same general type as 
the others, and of thia an example ia found in argentic iodide. 
The following method of producing it can be followed by 
almost any one. Prejiare a solution of nitrate of silver in 
water, and then add a water solution of potassic iodide ; a 
chemical change takes place, with the production of a yellow- 
ish-wbite precipitate, Thia precipitate is argentic iodide. 
Upon exposure to sunlight it readily chanj;es in color, becom- 
ing almost black. This is an important characteristic and is 
made use of, as ia the same propei'ty possessed by argentic 
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bromide and also by argentic chloride, in the production of 
the photograph. And while it is a fact, and one well known, 
that many of the salts of silver blacken more or less upon 
exposure to sunlight, it is found that the chloride, the bro- 
mide and the iodide have properties particularly fitting them 
for the purposes of photography. In discussing bromine, 
reference was made to the influence of the great expansion 
of the photographic business ; and this circumstance has 
stimulated the demand for iodine just as for bromine. It 
was also pointed out that potassic bromide is an important 
remedial agent ; potassic iodide is likewise of great medicinal 
value. 

Starch as a Test for Iodine. 

Iodine, when in the free or uncombined condition, has a 
remarkable and very peculiar way of attaching itself to gran- 
ules of starch. 

This property may be demonstrated by a simple and attract- 
ive experiment. Thus, if starch is boiled with water and then 
the hot mass is poured into cold water, minute particles of 
starch distribute themselves through the liquid. If to this 
liquid a very small amount of free iodine is added, the starch 
instantly takes on a deep blue color. If to another portion 
of the same or similar starch suspended in water, iodine is 
added in a combined foitn — that is, as potassic iodide, for 
example — absolutely no change of color is detected. These 
two experiments show that the iodine only attacks starch 
when the iodine is free and uncombined. 
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fjlIEHE are a Diimbci' of compounds known whoEtal 
various properties, powers of diemiiial interchange ' 
aiKl sjiecia! molecular weiglits, dearly point out 
the existence in them all of a certain peculiar 
element analogous in many respects to chlorine, bromine and 
iodine. To this element the name fluorine has been given. 

Its properties in these combined forms ha\'e been carefully 
studied and well made out. Thus, like chlorine and its family 
associates, it combines with hydrogen to form an acid,* 
hydrofluoric acid (HF), properly comparable with the acids 1 
formed by the three elements last discussed' 

Hyiiroauoric aeid, HF. 

Hydriwhloric acid. HCl. 

Hydrobromic acid, HBr. 

Hj-driodic acid, H I. 

It also combines with the metals to form flnorides. The'l 
best example of these flnoiidea is that compound in whioh^ 
fluorine most commonly occurs in nature— that is, fluor-spar, 
the mineral substance whose cliemical name is calcic fluoride, 
and whose composition is expressed by the formula CaF,. 

Many experiments have been performed for the purpose o 
isolating the element itself. While none of these have a 
yet been accepted as entirely satisfactory, some recent ones, | 
especially, have been so far successful as to indicate the 
probability that fluorine is a colorless gas. It seems reason- 
able to suppose that if fluorine were a solid or liquid at 
ordinary temperatures some processes that have been devised 
would be callable of producing and detaining at least a small 
quantity of the elementary substance, and that from this the 
observer would be enabled to recognize and discover atleaat 
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Properties of Fluorine. 

The property above all otheva that U characteriBtic of 
fluorine is its striking affinity for silicon. With this element , 
it readily combines under a variety of circumstauceH. MorO'd 
wonderful still, the compound produced with it is a gas.>l 
Now in general the compounds of silicon are solids. Theao: 
Bolidfl are many of them familiarly known in those materials '' 
which constitute the principal portions of the stable earth on 
which we tread, of the rock beneath it and of the enduring 
mountain masses that here and there pierce through the soil 
and raise theircrests above the general level. The majoi-ity i 
of these earthy and i-ocky substances are silicates. It it 
parent, then, that the componndN oT silicon are types of J 
solidity and stability. They cannot be melted except in th^ 
most powerful heating appliances, and the idea of their being^ 
vaporized by heat alone is quite inconsistent with the ] 
ordinary properties recognized in them. 

So then it seems strange and almost contradictory that , 
fluorine should have the power of attacking compounds that, i 
Beem to be the embodiments of permanency itself^ — -yet it 
readily does so. Thus, If hydrofluoric acid oomes in contact 
with silicon, whether that substance Is in combination as sand 
or as hard rocky minerals, the iluonne atoms pluck out the-l 
silicon and then they fly away together in the form of gaa o 
capor. Again, hydrofluoric acid may be spoken of as th 
linique agent that readily attacks glass, and dissolves, and I 
uven destroys, this ordinarily unchangeable substance. 

Finally, there may be added what can be said of no other \ 
flcment; namely, that fluorine is not known to form any c 
pound with oxygon. 



Discovery of Hydrofluoric Acid. 

It is not easy to refer the first knowledge of fluorine to , j 
any particular discoverer. Perhaps, liowcver, renewed men- 
tion of the ingenious Scheele is not out of place here ; for it | 
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} seems to have been lie who for tbe first time, and an early a 
I 1771, recognizeil hydfofliioriu atiid as a K[jccial a-vSii. II 
I called it fluoric acid, but fie 
L did not obtaiu a correct idea 
I of its composition. SLlieek' 
I prepared the acid fi-ora a wt^ll- 
[ icnown mineral, fluor-spar, and 
I by the addition of sulphu 
.1. This operation cannot 

be performed to advantage in 

a glass or porcelain vessel, for 
[ they oontainsilicon, and, a^ 
I been suggested already, 

oioua matters are freely attacked by tbe acid produced. Tbe 

[ decomposition, therefore, is coiuniouly conducted in a retort 

I of lead, or in one of platinum, and tbe acid produced is eol- 

l leeled in a receiver also constructed of one of these metala. 

The chemical change ia represented by the following 

equation : 

CaF, f H,SO. rr 2HF + CaSO, 

, Caltic Huonde, Siilplmric acid, HjdroHiioric neiil, C:ilcic sulphate, 
7S SB 40 136 
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Ordinarily the product ia a liquid, and conaisla of water 
j holding in solution t)ie acid (HF), It ia possible, however, 
I to prepare the acid tree from waTer and still in a liquid 
form. 

But in this condition it is one of the most dangerous, pois- 
onous and corrosive substances known. It produces painful 
burns if it falls upon the flesh, and fatal results have been 
known to follow injuriea received from it. Thus, in 1869 
I Professor Nickl&s, an eminent French chemist, died from 
I inJDries sustained by tbe accidental inhalation of hydrofluoric 
acid vapor while studying the properties of the substance. 
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Etching Glass by Hydrofluoric Acid. 

The effect of hydrofluoric acid upon glass may be shown I 
ill attractive form, aud without much difficulty or daoger, by I 
the help of a small dish of lead and a ))late of glat 
it. These being provided the experiment may be condacted.l 
somewhat as follows: Melt a little beeswax upon the glass sdfl 
that the wax may form a thin film upon one side of it. Then 
allow the wax to cool and harden. Next, by use of any con- 
venient pointed instrument, draw some sketih or design deep 
in the wax — in fact, to the surface of the glass. Nextplac-e 
some powdered fluor-spar in the leaden dish, and add to it 
some concentrated 
sulphuric acid. Now 
cover the dish, with -■ 
the glass already f 
prepared, in such a I 
way that the sketch I 
r design is turned \ 
:_ downward so i 

eive the fumes oiM 

hydrofluoric acid ig^iI 

I " — = — = — -"- tliey rise from th»^^ 

^^ k r Pa n n r. rt nrl jvc pr sh wn M ar mixture in the dish.1 

^^H It IS easily underrl 

^^H stood from what his ) een said already that the hydrofluoriq 

^^^1 acid will attack the glass, carrying away some of its silicoi 

^^^B in the form of gas or vapor. Asa result of this action, minute 

^^^B channels are formed in the glass. When the experiment fd 

^^^B tliougbt to be sufficiently advanced the was may be remove* 

^^^B from the plate by melting it off or otherwise ; thereupon itj 

^^^H wilt be discovered that the glass has actually become etched I 

^^^H or engraved by the hydrofluoric acid gas. 
^^H In 1788 Pnymanrin presented to the French Academy C 

^^B> Sciences such a glass plate, upon which there was a beautifH 

^^H fluoric etching representing Chemistry and Genius weeping 

^^H at the tomb of Scheele, who had contributed so much totht 




I faistoiy of hydraflnoric acid. "Tliifi work," says Hafly, "waa 
Lof interest to the Academy on account of the fitness of the 
^subject as well as the elegance of ita execution." 

Practical Application of Hydrofluoric Acid. 

Hydrofluoric acid, foimcvly a mt've clicniical cuciosity, has 
low become a familiar article upon the shelves of the drug- 
! gists. It is sold in gutta-percha bottles with rubber stoppers. 
f It is often used by Jewelers to correct errors in the applica- 
tion of silicious enamels upon their work. Thus, if the 
enamel has been incorrectly placed, it may be removed by 
hydrofluoric acid and afterward a new portion may be intro- , 
duced in the proper position. Again, it is largely used in the 
ecoration of artistic glass objects, such as globes for gas 
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chandeliers, and the multitude of articles of table glass-ware. 
In engraving such objects they are first covered with a 
suitable varnish that will resist the hydrofluoric acid, then tha 
design is drawn through the varnish with a sharp needle; 
afterward the article is exposed to the gas and etched in a 
manner similar to that already described. 
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OXYGEN. 

IXYGEN may justly claim a high degree of impor- I 
tanco aB a subject for the study alike of the pro- 
fessional uhemist and the casual reader. This 
importance depends upon a variety of considera- 
tions. Among them are the surpaaaing abundance of the 
substance itself, the great number of compounds into which 
it enters, the activity of its chemical powers, and finally, the 
interesting circumstances under which its distinct recognition, 
or, as perhaps we may say, ita discovery, was attained. 

Its great abundance has been pointed out already in tho'l 
declaration that oxygen makes up, by weight, fully one half 1 
of our terrestrial globe — including earth, ocean and air. The I 
air is aliout one fifth oxygen by weight ; all water, wherever J 
existing, is sixteon-cighteenths oxygen by weight, while I 
(luartz, sand, and other similar wide-spread and most com- 
monly occurring mineral matters are a little more than one | 
half oxygen. Other solid matters than the rocks, such as | 
most parts of the material striicLures of animal and vegetable J 
beings, contain oxygen as an important constituent element, [ 
While thus we have scanned the great multitude of sub- I 
stances spread immediately about us by the hand of nature, I 
and found oxygen in them all, it is none the less true that J 
oxygen is an important factor in artificial products — that is, j 
those resulting from man's manufacturing operations. 

Chemical Activity of Oxygen. 

Again, oxygen plays a part of exceeding activity in some I 
of the grandest chemical processes of nature and of the arts. ^ 

For example, it is essential to the vital processes of all! 
animals. Wherever a living being inhales the breath of life^ J 
whether from the fresh air of the mountain tops, or from the', | 



L populous slveetB ol' tlip swanniiig metropolis, or from the sol- 
litary deck of the bark that crefpa with ihe ocean's currents, ' 
[ or whei-ever the huinbier aervanls of man's table find their 1 
I way through unexplored depths of the ocean and pluck from I 

raveBthemodicuraof life-giving gas dissolved within them, 
I there is this wonderful agent, -which has no substitute, eus- 
V taining by active processes, truly chemical, that vitality of J 
I or of beast which gives to nature its forms of highest I 
I beauty and must admirable intelligence. 

Again, oxygen is. the necessary agent in all ordinary com- 
bustions. So wherever a fagot, glowing beneficently in a 
sparsely peopled forest, helps to sustain man's vital spark ; or 
where, in a highly civiliKod community, the fires on the altarH 
of modern industry di'aw from the flinty rocks the metals that ' 
I serve to give employment to millions of children of toil; 
I there oxygen is ever active, the true supporter of the com- 
I bustion of all those flames whi<:h in the past have served as 
I signs of life and civilized activity, and which are still the 
I'best symbols of vitality and intelligence. 

The Discovery of Oxygen. 

The first discovery of oxygen is usually attributed to Dr. 
I Joseph Priestley, an English clergyman and student of nat- 
L nral science. He lived in a time when men's minds all over 
I, Europe were strongly drawn toward the purauit of chemical 
I Icuowledge. In fact, at almost the same moment that Priestley 
I was enthusiastically conducting his experiments Scheele was 
lijilso producing oxygen in his apothecary's chamber in Sweden. 
I And the brilliant Lavoisier, prominent among the men of 
t distinction who thronged the gay capital of France, was also 
I working in the same direclion; it was he who said about 
I oxygen, in one of his own chemical works : " Get air que nous 
1 avonn deeouvert presijue en mSme temps, Dr. Priestley, M. 
I Scheele et moi," so that he is sometimes declared by his 

>nthusiastic countrymen to be entitled to the merit of the , 
\. earliest discovery of this most magnificent of elements, 



Priestley's life include'! amiile materials for a 

She one haad, the ingenious discoverer in physios and chem- 

fatry, and the fiiend of that Benjamin Franklin who was 

Bhen miniater at the brilliant court of France from a handful 

mf colonies that appeared capable of being plucked up hy the 

voots, but were instead destined to grow to an unrivalled era-, 

iraself a figure in a romance ; and, on the other side, 

i^ preacher to a dissenting congregation ; a victim of piiblic 

n for his liberal opinions on religious and political sub- 

; his house set on fire by a mob, hia appariitus wrecked, 

I library cast to the winds; finally, an emigrant with his 

Irife and children to a village in Pennsylvania, then almost un- 

I, whose little burial-ground still gives his bones repose; 

Biese are but brief suggestions of the trials of this peiturbed 

in bis life "sadly driven about and tossed," now 

perished as one of those who in the realm of thought has 

pade no fnean contribution to tlie glory of the English 

(ame. 

Dr. Priestley prepared oxygen from red precipitate of mer- 

3. substance now designated by the name mercuric oxide 

tod by the formula HgO. Healing this substiince in a 

sceiver, and by meiins of a burning-glass or lens, he observed 

^at a peculiar kind of air was evolved. He further discov- 

red that this air had an unusually stimulating inSnence upon 

burning bodies, and was well suited for the respiration of 

nving animals. Priestley's prime experiment was performed 

n the 1st day of August, 1774; a date which may be accepted 

Ls alniost the birthday of modern chemistry. 

Like many other great discoverers, Priestley was, to a cer- 
tain degree, anticipated. Thus » certain John Mayow, an 
English physician, fully a hundred years before the time of 
Priestley's experiment, enunciated the doctrine that the at- 
posphere contains an air in a certain sense the essential food 
gkf animal life and of flame. But these wonderful views of 
[ayow, brought forward too early for the state of thought 
Ht his time, lay dormant and unproductive for an entire 
■century. 



First Method of Preparing Oxygen. 
Oxygen may be prepared in many ways, but only two need 
receive attention here. Tbe first method is Priestley's. If 
the red oxide of mercury is heated over a powerful gas flame 
and in a tube of not easily fusible glass, the oxygen passes 
trom the metal, and may be carried by any small conducting 
tube into a convenient receiver tilled with water and standing 
in the pneumatic trough. If the gas so collected is tested by 
means of a candle ha\'ing only a spark on its wick, the oxy- 
gen is readily recognized by the fact that the taper promptly 
burets into a full and brilliant flame. This method is of his- 
torical interest chiefly, though it may well attract some atten- 
tion from the simplicity of tbe chemical change involved. 
Thus this change is repi'esentcd by the following equation 



zHgO heakd 



O, 



2He 

Mercury, 



A word about the pneumatic trough is not out of place 
here, because this useful contrivance was the invention of 
Priestley. The name may be appropriately applied to almost 
any vessel of water in which may stand the open mouth of a 
bell-glass suitable for containing gas. The water Kcrves at 
once to seal the mouth of the jar, and also to afford a mate- 
rial through which the exit tube of an appliance may be 
dipped, and through which also the gas from the tube may 

I freely and conveniently flow into the bell-glass. Before 
Priestley's lime gases had been collected in bladders or 
varnished bags, but the new contrivance furnished a mueb 
superior means of detecting small quantiles of gas and 
working with them. 
Again, for all the ordinary purposes of experimenting with 
gases, no appliance superior to that of Priestley has yet been 
devised. 
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Second Method of Preparing Oxygen. 

The second method, and that oftenest pursued, employs a, 
liBalt not known in Priestley's time. This salt is called potassiu 
Koblorate, and is represented by the formula KCIO,. 

'his Bubstanne, when heated, evolves a large amount ot 
toxygen, but it does so with almost explosive violence. 

The chemical change is represented by the fulluwing eqna- 

2KCIO, lie<ikU = 2KCI -i- 3O, 

Potasaic chlorate, Potaaaic cliUiridc, Uxygeu, 

245 1 49 96 

pMtsbjiitlgbL nrit hj welgtll. paHl Iv Wfight. 



On the other hand, il' the potassic chlorate is mixed with 

f about one third of its weight of the earthy mineral known 

I black oxide of manganese (but called by the cliemist, 

■-manganese dioxide), the mixture when heated evolves oxygen 

I more slowly and continuously than the chlorate alone — and it 

IS it at a lower temperature, Strangely enough, however, 

rihe manganese dioxide appears to take either no chemical 

^part in the operation, or else only a very obscure one. Indeed, 

T«ome other oxides will serve the same purpose, while they 

ilikewiHe appear to undergo no easily -detected chemical change. 

In this method, as in the other, the oxygen gas produced 

may be collected in a bell-glaas over the pneumatic trough, 

Band afterward its nature may be demonstrated as before by 

^^eans of the taper having a spark upon it. 



The Properties of Oxygen. 

It has been the custom of chcmiFits to K.iy of oxygen that 
t is « periiianent ijas. The force of this expression is found 
in the fact that until recently all attempts to liquefy it were 
futile. But recent experimentR, with appai-alus capable of 
subjecting it at once to more intense cold and to greater 
L pressure than were ever before employed, seem to demon- 
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I li(iuid when Ibese conditions a 



Blrate that it will t 

caiTied to a sufficient extreme. 

That oxygen is colorless and oJorless appears plain from 
the properties of the atmospheric air throughout which this 
I is thoroughly difFiised and intimately intermingled, 
although it constitutes but one fifth of it. 
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coutiiiuoiisly and harmlessly batlied witliiii and without l>y 
that same oxygen that, in time of conflagration, is ready 
chemically to combine with their elements, and aa a result to 
reduce the metropolis to ashes. But sncU combination, once 
inaugurated, often itself affords suflicient heat not only to 
make the process continue, but also to genei-ate that flame or 
fire which is the token of what is ordinarily called combustion. 




Fid. 81.— Tlii^ burnli 



Iron wire In ajar 



In this view, oxygen is often spoken of as a. supporter of 
combustion. That this property, known to be associated 
with the atmospheric air, does in fact reside in the oxygen 
of it, is to some extent proved by the more rapid and brilliant 
combustion of the candle in pure oxygen. 

Another interesting experiment is performed when a piece 
of charcoal, which may be supported on a wire, is burned a 
little so as to acquire a spark and then is dipped in oxygen 
gas. The single coal would soon cease to burn in atmos- 



jiheric air, but it bui-iis readily and brilliantly in pare' 
oxygen. 

Even tlie diamond, the most compact and imperishable 
form of carbon known, may burn in pure oxygen gas just as 
the most humble piece of coal does, and the relationshiji of 
the gem to the cummonplace fuel is proved by this exper- 

Still nnotlier experiment in the same direction may be con- 
ducted with Bulphur. For this purpose a fragment of sulphur 
set on fire may be dipped in a jar of pure oxygen. The sul- 
phur burns with vastly increased rapidity, and with a violet 
flame much more brilliant than that of sulphur burning in air. 

Again, some substances not ordinarily considered combus- 
tible will burn in oxygen gas. Thus a bundle of iron wire, 
to which a little lighted ehip is attached, itself takeR fire and 
burns brillinntly when di]iped into oxygen gas. 

The Products of Combustions in Oxygen. 

As a necessary result of the combustion of substances in 
oxygen there are produced a multitude of compounds called 
oxides. 

This is true of the candle, which consists mainly of carbon 
and hydrogen. When the candle burns these two substances 
change into oxides. The carbon produces carbon dioxide, 
whose formula is CO,, and which is familiarly known as cai-- 
bonic acid gas. This oxide, itistrue, is not easily recognized 
by the ordinary observer, because it ia an invisible gas; but the 
chemist can prove that it is in fact the product of this com- 
bustion. At the same time the hydrogen produces an oxide 
whose formula is H,0, which will be recognized as the chem- 
ical expression for water. And so water is in fact produced, 
though in the form of vapor, by the burning candle. 

Charcoal is composed almost entirely of what the chemist 
calls carbon, and when it burns it produces the oxide called 
carbon dioxide (COJ. This is the same invisible gas that 
has already been declared to be produced when the carbon 



OXTGEtr. 



n the other, it iB I 



of the candle is burnt'cl, aiKl in this case, as 
easy foi- the chemist to prove its presence. 

In tlie case of carhoa, the chemical change is represented J 
by the following equation : 



Ami likewise, when iron is burned, there ia formed an oxide ' 
whose composition is expressed by the formula, Fe,0, ; (to ' 
this Bubatance the chemical name ferroso-ferriu oxide is ' 
applied). 

So wheu sulphur is burned, sulphur dioxide is formed I 
(SO,). 

In this case the chemical change is represented by the fol- 
lowing equation : 

S + O, = SO, 



Oiygen, 



SulpJiur dioxide, 



Ozone. 

Ozone ia a peculiarly active f onn of oxygen. It is believed 
to have the formula 0„ while ordinary oxygen has the for- 
mula O,. Now the ozone easily parts with one atom of 
oxygen, which in its nascent or uncombined state is ready 
to combine at once with a great many substances. Under 
these circumstances it manifests the same anomalous features 
as those described under hydrogen dioxide (see page 124); 
that is, it tends to add oxygen to certain substances and to 
withdraw oxygen from others. 

Ozone is produced in many ways, one of the best being 
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the steady discharge of what is called machine dectricltif I 
through the atmospheric air or pure oxygen gas. The liia- , 
charge, however, rau8t be silent, anil not in the form of sparks, j 

OKOue is also produced hy certain processes of slow oxi- \ 
elation; thus, wheo a piece of phospliorns is exposed to the J 
air at ordinary temperatures, it gradually but continually 1 
oxidizes. This oxidation is always attended by the pro* J 
diiction of ozone. 

Ozone is believed to be formed in the atmosphere iiij 
minute quantities by tlie mere process of evaporation of J 
water. 

Properties of Ozone. 

Ozone is a colorless gas at ordinary temperatures, but atl 
very low temjieratures it condenses to a steel-blue liquicti'^ 
It liquefies much more easily than ordinary oxygen does. 

Ozone is an extremely powerful oxidizing agent, instantlyj 
forming oxides of certain metals, like silver, that in ordinarj; 
air long retain their bright metallic surfaces. It is also i 
powerful bleaching agent, decomposing and whitening cer^fl 
tain vegetable and animal substances with great promptness.. ¥ 
Many experiments have been made with the view of employ- ■ 
ing ozone in bleaehcriea, for the purpose of whitening cotton^ 
and linen goods. No succesafiil results have been reported^l 
notwithstanding the general belief that, in the old methods ofig 
grass bleaching, the ozone produced in small qnantities hf{ 
the sun-light and evaporation of moisture was, in fact, tbe:fl 
true bleaching agent. 

Tlie molecular constitution of ozone is believed to be thatj 
suggested by the expression O, or, 



a multitude of most ingenious experiments having shuWit 
that ozone is merely a peculiarly arranged group of oxyg< 

atoms. 
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AUotropism. 

Chemists know Bever.il other elements capable of more 1 
tii.iii one mod iti cat ion : tlitis siilphiii' is (.■up^ible of at least'^ 
ihree modifications, powsL'Ssliig tlii'ee diBerent sets of pi'ope 
ties ; pure phosplioru.s is known in two separate modifications."! 
possessing different properties; the diamond, graphite and, J 
cliai'ooal are three modifications of the element carbon. 

All these siibstanc^es are designated as allotrupio, and the I 
abstr.ict property iif chemical elements hy virtue of whicl 
they are capable of such varied, forms tit called allutropi»m. 




First Compound of Oxyg:en with Hydrogen — Water^ I 

It has already been shown that tiie hyilropren escaping front 
a suitable tube may be lighted in the :iir. If the burning jet 
is introduced into oxygen gas the same combustion proceeds, 
only with greater energy. In either case there is prodticeda 
compound of hydrogen and oxygen. This compound is repra- ■ 
sented hy the formula 11,0, a formula representing no other J 
than the familiar substance ^t■ateI■. At the moment of combus* 1 
tiou of hydrogen very great heat is generated. (Seep. 65.) Iii l 
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fact, a pouDd of hydrogen, upon burning in pure oxygen, yields 
about four times as mucli heat as a ]>ound of pure carbon 
does in burning under the same favorable conditiona. Indeed, 
the pound of hydrogen, when in combustion, yields more heat 




Flti. 38.— Appnr 



than a pound of any other cubstance known. On account of 
this heat the water resulting from the burning hydrogen at 
first floats off in the air in the form of vapor ; but if the 
hydrogen flame is brought in contact with some cooling sur- 
face, the water formed condenses in drops upon it, and thus 
it may be readily recogniKed as in its ordinary form. 

A great multitude of experiments show that the composi- 
tion of water is as followH : 





Parts by weiglit 


Purls by bulk. 


A„,.. 


HydpogBD . . . 
Oxygen 


2 

IG 


2 

1 


2 



The composition of water, as displayed in the foregoing 
table, baa been demonstrated by analysis, this word meaning 
"the process of taking apart," Thus by chemical influences 
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a porlion of water inay be subdivided into its constituents 
and their amounts determined. On the otber hand tlie com- 
position of water baa also b^en made out by syntbesiis, this 
word meaning "tlie process of putting things together," In 
this latter case, by putting together what are believed to be 
tlie proper proportional amounts of hydrogen and oxygen 
til form water, and then upon using some suitable means for 
bringing these things into a state of true cbemiual combina- 
tion, it baa been found that tliey do, in fact, combine to form 
watei', and in the proportions already given iu the table. 




no. S4.— Apparatua devised by Dumas tat delermlttinK the composlttoD 



Second compound of Oxygen and Hydrogen— Hy- 
drogen Dioxide. 

There are certain cii-cuitous processes by which a com- 
pound of oxygen and hydrogen, very different fi-om water, 
may be produced. This compound has the formula H^ 0,, 
and is called hydrogen dioxide. Its molecular constitution 
is represented by the expression, H — O — O — H. It is a 
colorless liquid, somewhat like water, only thicker, being one 
and a half times as heavy as water. It easily decomposes, 
giving up a single atom of oxygen in an active condition. 
Curiously enough, the oxygen so liberated acta at different 



^ 



times in ways that at firs 



1 to be quite contradictory 



indeed they could not be well explained when the phenome- 
na were first observed. 

Thirst. The oxygen so liberated tends lo combine directly , 
with many oxides producing higher oxides. 
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Second. The oxygen liberated by hydrogen dioxide tends i 
to withdrau oxygen from certain other oxides. 

The modem molecular theory of chemical compounds af- 1 
fords an easy and adequate explanation of these phenomena. \ 
This theory, as has already been pointed out, holda that the 1 
elementary atoms rarely remain single : they prefer the c 
bined form. So, ihett, the single atom of oxygen liberi 
from the molecule of hydrogen dioxide easily attacks certain I 
BuhstanCGS to combine with them, its affinities being stronger ] 
in ita single condition than when as in ordinary oxygen it I 
exists in the molecular form represented by the symbol O,. 
In this latter form the affinities of the two atoms uf oxygen j 
are partly satisfied by combination with each other. On the i 
other hand, when the single atom of oxygen, liberated by a ' 
molecule of hydrogen dioxide, deoxidizes substances, it does 
BO on account of the affinity of this single atom of oxygen for 
another atom of oxygen, and with the intent to form a more , 
stable molecule represented by the formula O,, 

Nascent State. 

The oxygen liberated from hydrogen dioxide ie called 1 
nancent oxygen (meaning just born, from the Latin word, J 
nascor, to be born.) 

This is not the only way of producing nascent oxygen, nor 
is oxygen the only substance that exists in the nascent form ( 
characterized by unusually active powers. 

The nascent state has long been recognized as a peculiar j 
one, and the molecular theory affords a satisfactory expla- I 
nation of phenomena before inexplicable. 

Uses of Hydrogen Dioxide. 

Hydrogen dioxide possesses marked bleaching powers, and 1 
notwithstanding its comparatively high cost a solution of i%iM 
in water has been brought into commerce and is used foi^ 
certain delicate bleaching operations ; among these may bejl 
mentioned the whitening of the paper of bonks and engFav<9 
ings that have become stained or dingy with age. 



The Compound Blowpipe. 

Tho fact that enoi-mous heat is developed when hydrogen 
hiirns was known long ago, and it gave rise to the 
of a contrivance for utiliKinE; it. This has taken the f 




the apparatus called the compound blowpipe, also the oxy- 
hydrogon blowpipe. 

This blowpipe, as usnally constructed, has a single jet or 
tip, to which there is conveyed by separate tubes, on the 
one hand oxygen, on the other hand hydrogen. The gases. 
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I wheD lighted, give rise to a flame yieldiug but little light, but 
iiiteDBG heating power. Many difficultly fusible metale, 
Buch as iron, for inatunee, melt like wax before it, while others, 
like lead and zinc, boil and vaporize beneath its fervent 
breath. It must not be looked upon, however, as a mere 
chemical toy ; it has some uses in the arts. Of these one of , 
the moBt jiromineut \s its application to the melting and refin- 
ing of the ores and alloys of platinum, substances which no 
ordinary furnace can liquefy. 

For purposes of this sort a special furnace or crucible must ' 
bo provided, and it muMt be conMtiiicted of some substance 
that is itself practically infusible. Suob a material is found 
in quicklime (calcic oxide, CaO), for this substance does not | 
melt under the infltience of any known contrivance for pro- i 
. ducing heat. Moreover it does not conduct heat rapidly, 
5 and thus any heat applied to the metal within ia not subject 

serions loss by being conducted away through the walls j 
' of the vessel. For melting platinum, then, a furnace cun- 
' eti-ucted of quicklime and having a cover oF the same mate- 
rial, is em]>loyed. A stream of burning gases fi'om a com- 
pound blowpipe is forced through an aperture in thefumace- J 
cover in such a way as to fall on an interior crucible contain* J 
ing the metal to be melted. 



The Calcium Light. 

Another interesting application of this blowpipe is fonnd ' 
in the lime light, an appliance also known as the calcium 
light and sometimes as the Drummond tight. In this appa- 
ratus, whatever may be its particular form, the stream of 
burning gases is directed upon a small block or cylinder of I 
lime. Of course the block becomes highly heated — in fact, ' 
it assumes a white heat without melting; and while at this 
temperature it gives out a dazzling light. This light has been 
utilized by architects and engineers for carrying on impor- 
tant constructions during the darkness of night. It is also 
often used in some of the finer forms of the magic lantei'n, 
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as, for example, in the various stereopticona used in illua- ' 
trated lectures. So numerous are the uses of the caJeiuni light 
in large cities that it has become a regular industry then 
furnish the oxygen and hydrogen gases in separate iron 
cylinders or cans, into which they are pumped under great 




pressure. (It is true that illuminating gas is sometimeB \ 
substituted for hydrogen with decided economy in cost, and 
yet without seriouB loss of illuminating power.) When the 
cylinders are in use the stop-cocks are slightly oper 
the gases are under sufficient pressure to flow to the tip of 
the blowpipe as freely as can be 



rias 



CSBSfZSTSr. 



^ 






Dangerous Explosibility of Mixtures of Oxygea j 
and Hydrogen. 
At this point a warning should not be omitted, for mixU 
ures of oxygen and hydrogen gas, whether produued puK 
posely or by accident, are capable of very dangei-ot 
explosions. Even a aoap-bubblc, inflated with the mixed 
gases, and then lighted with a torch, explodes with tremen- 
dous violence and a loud report. This rcanlt is all the n 
wonderful when the extreme thinness and weakness of iht 
filmy confining envelope are considered. Such explosions arfl 
in entire harmony with the various statements already made. ' 
For when the two gases combine, the intense heat gen- 
erated gives rise to a momentary but enormous expansion 
of the vapor of water produced by the combustion, The_ 
greatly expanded vapor strikes the air a shai'p and violeol 
blow. In another instant, however, the vapiir suddenly eootif 
and condenses to an exceedingly minute drop of liquid wtiterfl 
the air thnt was previously forced outward immediately falla 
into the vacancy left, and now a second blow results, 
these two violent shockn, the one following the other i 
almost instantaneous succession, that produce the report^ 
and to the same causes must be refeiTed the terribly de>fl 
structive results of the accidental explosion of cousiderablq^ 
quantities of the mixed gases. It is plain, therefore, that aUl 
contrivances destined to employ these gases in close prox'fl 
imity must be used with great caution. 

Oxygen as Related to Combustions in General. 

But oxygen is prnuiiNciil in many other combustions be'l 
sides that of hydrogen. Of course the best known and moB^I 
common are those in which the ordinary tonus o£ fuel anifl 
the things burned. Here generally the principal constituenit^ 
of the combustible material is carbon. 

Oxygen as Related to Animal Respiration. 

Oxygen performs also one of its most iinportant offices in I 
ith the process of anim.il respiration. In the J 
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ilfiUraent of this mission no element is known that can in 
any way act as a substitute. The gas which is to serve as 
the breath of life for the humblest as well as the most 
exalted individuals of the animal creation must possess a 
combination of qualities truly marvelous when residing in a 
single substance. Even a brief description of the ways in 
which it discharges this delicate and manifold dnty ought to 
substantiate the general proposition. 

Oxygen is qualified to sustain respiration by virtue of the 
■exceeding abundance of the atmospheric air; an abundance 
.Buch that it extends above our heads a distance of forty 
'^thousand times the height of a man. Nor are the denizens 
of the sea forgotten, for oxygen posseBses such capacity foi' 
dissolving in water that there exists, absorbed in the liquid 
of the rivers and oceans, enough of this vital gas to furnish 
breath for all the tinny tribes. 

Again, the oxygen, so violent in its combinations, is yet 
bland enough to pass through all the delicate passages lead- 
ing into the lungs without exciting the throat to the slight- 
est cough; to filter through the fine membranes of the lungs 
without doing an injury; to saturate the blood, and to flow 
to every tissue and cell of the body, and not only do no 
harm but eveiy-where accomplish a reviving work. It per- 
forms throughout the animal frame a well-regulated but no 
inconsiderable combustion. Indeed the body of a living 
animal may be properly looked upon as a kind of furnace, 
taking in air whose oxygen shall sustain the combustion of 
worn-out parts. Nay, more; these as they burn do in their 
vei-y death afford as their flhal contribution that warmth and 
glow which maintains the animal temperature at the vital point. 

While carrying out the important functions just referred 
to, oxygen produces several gaseous substances, each of 
which, as if under the constant direction of an ever- watchful 
barometer, maintains its proper bulk and pressure, so as to 
do no injury to the most delicate capillary of a vein or to 
the tender walls of the smallest chambered cell of the lungs. 
With each breath exhaled from the system, the blood, and 
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thence the lungs, discharge the gaseous products of the com- 
bustion ah'eady described; plainly they do it somewhat in 
the same manner as a chimney does in its proper action, only 
the lungs do their work in a far more perfect way. 

The parallelism is not strained here, for the burning of 
the animal tissue in the body gives rise principally to the 
production of the gas called carbon dioxide and the vapor of 
water, just as when a fagot burns in the chimney-place the 
carbon and the hydrogen of the wood oxidize into the self- 
same products, both of which are wafted up the flue and out 
into the great ocean of atmosphere beyond. 
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WATER. 

IS the most prominent cumpoimd of oxygen, water 
in,y properly receive the reader's attention at 
lis time. 
He who stands upon a high cliff and looks out 
upon the ouean, experiences as one of his strongest imprea- 
sions, that of the boundlessnesE of the expanse. And it is 
true that the area of terrestrial waters is very wide, for in 
the aggregate their waves cover more than three fourths of 
the earth's surface. But while their supei-ticial extent ia so 
great, their depths are relatively but small. When compared 
with the diameter of the earth the deepest ocean seems shallow 
indeed. If the watera of the oceans were dried up, or other- 
wise wiped away, the roughness of the dry globe would be 
less relatively than the roughness of an orange. In fact the 
total amount of water actually existing upon the earth's sur- 
face is less — relatively to the entire mass of the globe — than 
the amount that would remain on an orange after dipping it 
into a basin of water and then withdrawing it. Notwith- 
standing these facts, the amount of water is so vast in pro- 
portion to the littleness of human beings, and it has taken 
BO prominent a part in the phenomena observable by man, 
and it has been such a powerful agent in the geological eraa 
of the past, that it is not surprising that its properties and 
history have excited the interest of students and thinkers of 
all times. In the light of modern chemical knowledge, too, 
its various offices create an admiration that is heightened 
the more they are considered. 

The chemical constitution, the characteristics, the proper- 
ties, and the uses of water, are important chemical topics ; 
when one considers, further, the varied forms and uses in 
which this familiar substance ts employed in nature and in 
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material for a volume, 
^trilling adaptations can 
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s siiggestL'il tliat might well Fu 
Plainly, then, only a few iif its 
be disetissed here. 



Importance of Water to Living Beings. 

To living animals am! plant? 



lutely indiapenaable. Tlie r 
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I'ater n]i|>fars to be 
for thiw is found not 
in tlie fact th.it water 
forms a necessary constit- 
Ufut pait of most living 
beings, but also because 
It serves as a sort of 
\ehifle by virt.ue of 
^(bose properties the vital 
prot^esses are conducted 
and through which the 
> itnl currents flow. It is 
easy to understand that 
if the atmospheric air, 
which lies wrapped about 
our giobc like a tliin veil 
were suddenly wafled 
away, animal lifu would 
be inatantlv extinguitihed Now w iter is not less essential 
than 11 r Banish watei from tht eai-tb, and the life of all 
animal and vegetable beings woni 1 instantly tate its flight. 
tor the blood that living tide whith courses through the 
natural gates and alleys of the body contains water to the 
extent of nearly 80 pel cenl of ils weight. Again, pure, 
unadulterated milk rich ts it ii in solid food materials dis- 
solved or suspended witbin it contains not far short of 9<> 
per cent, of water. And further, an examination of vegets- 
ble products reveals in them a ]ireponderance of water such 
as would not at first be suspected. Thus the following 
brief table represents facta so surprising that it is at f 
ditScult to accept them;- 





ID 80 per cent, orwat 



Turnips contain about WO per cent, ofwal 
Ciieumliera contain about 97 per cent of wat 



Finally, i 
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' tbe kingdoms of 



! among t 
life, it may be mentioned that some forms of jelly-fish, as 
tiiken from their appropriate home in the ocean, have been 
fonnd to contain not less than 99 9-10 per cent, of water.* 

The extraordinary and indeed iiitiredible proportion of 
water in living beings is associated wilh the numerous, 
varied, and even apparently contradictory offices to be per- 
formed by it, and the fitness of water to fulfill these 
requirements is referable further to the curious and interest- 
ing properties with whioh it is endowed. But it is mo 
familiar to every one, and so bland in its action in its rela- 
tion to most well-known snbstances, that the ordinary 
observer fails to recognize these propertiefl and their marvel- 
ous adaptations. 

One of llie properties most appi'opriate for presentation 
in this connection is tbe power water possesses of dissolving 
gases. It is capable of storing up within itself, concealed 
from human view, almost every gas with which it comes in 
contact. It displays this power upon ihe atmospheric air, 
not only in its better known relations to rnan and the higher 
animals, but also as respects the humbler population of the 
globe. It will be seen by and by tliat tbe air consists in the 
main of a mixture of two gases very different in their 
properties. One is oxygen, the sustaiuer of animal respira- 
tion ; the other, nitrogen, the inactive substance existing in 
the air as a mere diluent of the active oxygen. Tfow water 
possesses a very curious relation to these gases; it dissolves 
a larger proportion of oxygen than of niti'ogen. By reason 
of this property it acts upon the atmospheric air with a 
selective effect highly suggestive of intelligent plan. For 
tbe gas it selects to dissolve in larger proportional quantity 
is oxygen — tbe one absolutely needed to take the principal 
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pnrt in suppoiting the respiration of the countle 

of finbes that make their natural homes in all great bodies 

water. 

Terrestrial Circulation of Water. 

Water is the chief liquid of our great globe. And it car- 
ries on here a continued and beneficent double circulation 
which may be properly likened to that of the living animal and 
plant, except that it proceeds on the coiimical scale. The oni- 
portion of this circulation may be described as starting in the 
depths of the ocean ; thence permanent currents continually 
flow in certain 
definite direc- 
tions and ulti- 
mately regain 
their starting- 
place. These 
currents c o n- 
tribute to make 
the seas the 
highwaysof na- 
^ vies even more 

completely 
than they would be if the waters were always at rest. A yet 
more striking circulatory movement is that initiated by the 
volumes of moisture which rise by constant evaporation from 
the temperate as well as the tropical seas. This water, 
ascending into the higher atmosphere, is carried by cnrrents 
of Che air hitlicr and thither and over the land, where by 
monntain ranges, or other natural means adequate to this 
purpose, it becomes precipitated into a solid or liquid form. 
In this condensed form it is recognized a^* beneficent when 
it is in cloud masses, which delight mankind with the purity 
of their fleecy whiteness or the beauty of their gorgeous 
coloring, as well as when it is in the form of showers which 
refresh the thirsty earth, or as the snow which protects it. 
The rain and snow supply the numberless rivulets that coutrib- 
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B to make up rivers, and these flow joyfully to the ocean 
igling in its waters, return to the source from which 
they came. Thus lias beeu pictuicd in brief an outline of 
the circulation previously suggested. 



Water in the Solid Form. 

Again, certain propertiea of water other than these 
already stated are worthy of presentation. Perhaps it is not 
inconsistent with the truth to say that they are even more 
plainly heneficial, Tlius, in the form of snow, water appears 
at tirst sight to be an emblem of cold. But when it falls 
upon the earth it becomes a mantle or coverlet, which pro- 
tects the soil from the chilling effects of the wintry seaEon 
and from that rapid loss of heat by radiation off into space 
which the fields would suffer without this protective coating. 
And BO ice, aa it forma on the surface of lakes and ponds, 
manifests several remarkable properties. Of these only two 
will be discussed here. They are both due to its power 
of expanding at the moment of solidification. Most per- 
sons make acquaintance with this characteristic of water by 
the inconvenient bursting of pitchers and pipes, recognized 
as a disagreeable attendant upon the winter's cold. When 
looked upon with more fully instructed eyes, however, it is 
discovered to be one feature of a remarkable system which 
results in great benefit to the inbabitanta of the earth. For 
it is plain that as water in freezing expands, it thereby 
becomes relatively lighter. On this account ice floats in 
water, wliereas solid substances generally sink in liqnid mat- 
ters of their own kind. Now the ice formed upon lakes in 
the winter stays at the top, and thus protects the water 
below from the chill of the colder air; so it prevents the 
lakes from becoming uninhabitable to the fish. The same 
property prevents a lake from becoming a mass of solid 
from the bottom upward, as would be the case if the ice, 
upon freezing, went to the bottom. The summer's sun 
would hardly be capable of thawing the solid masses so 
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formed. This same curious fact — the expansion of ice at 
the moment of its foimation — contributes to the fertility of 
the soil. Thus the water that penetrates the crevices of 
rocks expands upon freezing, chipping off those rocks, in 
fact pulverizing them little by little, and so conveying fresh 
and valuable materials to the earth's soils. 

Water as Affecting Climate. 

Further, the relations of water to heat are very interest- 
ing. "The general aqueous circulation of the earth is a 
great steam-heating apparatus, with its boiler in the tropics 
and its condensers all over the globe. The sun's rays make 
the steam. And wherever dew, rain or snow forms, there 
heat, which came originally from the sun, and which has 
been brought from the tropics concealed in the folds of the 
vapor in the form of latent heat, is set free to warm the 
less favored regions of the earth. [iMtent heat is heat either 
concealed or else suddenly made manifest at the moment 
of change of a substance from one of the three states of 
matter, solid, liquid, or gaseous, to another.] This app'aratus 
in nature, although so much simpler and working without 
pipes, iron boiler, or radiator, is exactly the same in princi- 
ple as the steam heaters " which may be seen at work in 
many large buildings.* In other words, when water is 
changed into vapor in the tropics, heat is not only requisite 
to the operation, but a definite quantity of heat is actually 
stored up within the vapor so produced. On the other 
hand, whenever in some cooler parts of the globe this same 
portion of vapor condenses into the form of liquid, that 
heat that was stored within it at the tropics is immediately 
evolved, and contributes materially to the warmth of the 
region where condensation takes place. Nay, more; if the 
water, instead of falling as rain, falls as snow a still larger 
amount of heat is by this means given out into the atmos- 
phere. This last statement is insensibly substantiated by 

* Cooke, Josiah p. : ReliffUni and Chemistry. New York, 1884. p. 13S, 
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ipression often heard in wiiiU-r, " the weather is too 
oold for snow," This common expression, translated inio 
Bcientific langnage means, " if snow were already condensing 
in the upper air, and ready to fall, the heat given out by it 
'Would have reached us in advaiipe," 

It is not only with respect to those changes taking place 
hen the vapor of water changes to the liquid or the solid 
that its heat relations are beneficial to mankind. No 
Ban change one dejrree in temperature — that is, grow 
rmer or cooler — without at the same time exercising a 
mtrarywisu influence upon the air about it, and thus a 
gulating one. 

Tliis is by virtue of that property of water called its tpe- 
yic heat. (Speuiiae heat is the relative .amount of heat 
concealed or else liberated when a body undergoes a change 
of temperature.) 

In explanation of this declaration tie foil wing etate- 
lenta may be made; When in the tensely hot days of 
imer, a lake or any mass of witer becomes nfluenced by 
high temperature, of co rs ts ate become warmer, 
iut it is a curious fact that it takes more heat to raise the tem- 
lerature of water one degree than it does to raise the tem- 
irature of the adjoining land one degree — or in fact to raise 
any other substance known one degree. Thus it appears 
that a given amount of heat applied in a summer day to a 
lake will be absorbed witliin the waters of that lake without 
falsing the temjyeralure of those waters to the extent that 
ight be expected. So, then, in hot weather the lake 
lecomes an equalizer of temperature with a tendency in the 
ipposite direction, that is to cool the air about it. Now in 
lid weather it becomes equally beneficial, only, as might be 
:pected, in the opposite direction. Thus the store of heat 
itained by the liquid water is given out as the lake couls, 
'or just as the water in order to rise one degree in tempera- 
requires, and indeed, absorbs more heat than any oiher 
.bstance known, so naturally tJie same water, in cooling 
degree in temperature, freely gives out the amount of 
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heat it had previously atored within itself, which, as has beei 
said, is greater than that stored up hj any other substanof 
known. 

The remarks thus far made on water as influencing c 
mate relate to it chiefly when in the liquid form, and i 
considerable bodies on the surfaee of the earth. 

The atmosphere above our heads contains large quantities 
of wjiter in the aggregate. 

This water is in the form of vapor, it is true, but notwith- 
standing this condition it is capable of exerting a marked 
and important effect on climate, retaining the heat of the^ 
sun in a manner more fully described in a later chaptet 
(See page ISO, and also reading reference on page 183.) 

Water as a Working Contrivance. 

When the moisture of the tropical ocean is taken up ii 
the air by evaporation, the aun has thereby done a truly stifi 
pendens amount of work. For has it not lifted np high : 
the atmosphere an enormous weight of this liquid material n 
Now as the vapor is wafted over the land preparatory 1 
falling aa rain, it has acquired a position in which it may ( 
a great amount of work for human uses ; for eveiy mil 
drop, faiUng from its lofty position in the air, acqui 
thereby a momentum which represents a quantity of fore« 
minute in each individual ease, but truly vast 
aggregate. Of this sum total but a small portion 
employed for man's industrial uses ; only a minute frat 
tional part is harnessed to the wheels that grind his foe 
or weave his clothing or transform the trees of the fores 
into his habitations ; yet the amount he does so employ-^ 
compelling it to do his work for him — represents an enoi 
mous total quantity. All this work done, as well as all thi 
might be done by the vast quantities of water allowed t 
escape and violently run to waste, is referable back again t 
the sun of the tropica, which has been enabled, b 
of the wonderful properties of water, to store up all tbj 
power within it. 




In view of what bas been said, the sun ami watei- of the I 
tropius may be compared rot inappropriately to the chie(j 
artificial coutrivancea used in tnodeni limes for generating! 
and applying mechanical power^boiler and engine. A: 
ordinary steam-boiler imparts to water the expansive and! 
working power of steam, and again the ordinary steam-« 
engine utilizes this steam power so that it may be directly ■ 
applied to the labor of man's workshops, so the sun of tbo^ 
tropics lifts the water of the ocean high up into the air, and I 
thus may be likened to the boiler; while the rapidly run- I 
ning brooks may fitly represent an engine in motion, ready I 
to actuate any machine to which by proper appliauce 
may be attached. 



Kinds of Water. 

The kinds of water found in nature differ chiefly in tbe j 
foreign matters they contain. These matters differ very 
much in their character. Some are merely suspended, floating 
in the water; others are invisible, fully dissolved. They differ 
also in their chemical nature, an is evidenced by the different ( 
remedial snbetances existing in mineral spring -waters of] 
different places. 

Reference has already been made to tfie well-established 
fact that moat of the water of our globe is all the time mov- 
ing onward in what may be called a natural circuit. Now 
the character of any given natural water is dependent mainly 
upon the pare of t/te natural circuit at which the sample of 
water under consideration is arrested. 

The circulation thus referred to may be briefly represented 
in four stages. 

The fii-st stage is that in which the water is rising as vapor I 
in the atmosphere. 

The second stage is that in which the water is falling to 
the earth in rain. 

The third stage is that in which the water flows down- 
ward over the land in brooks and rivers. 
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The fourth stage is that in which the water rests in the 
hollow places of the globe, as the great oceans. 

Of course it is easily seen that this circuit is ever repeated, 
the evaporation taking place at the surface of the sea being 
the greatest source of moisture in the atmosphere. 

But while most of the moisture evaporated from the ocean 
and condensed as rain returns by the rivers to the great oceans, 
a part of it is diverted — where the surface configuration of 
the earth gives rise to small hollows not connected with the 
oceans — and aaU lakes are thus formed. They are virtually 
little oceans. 

Again, in some cases, falling rain, instead of proceeding 
directly toward the ocean, strikes upon portions of the earth 
liaving considerable porosity, and then it sinks below the 
surface and takes such subterranean course as the strata it 
meets dictate. In this latter case, however, the subterranean 
waters often come to the surface again through natural fis- 
sures, as in the case of mineral springs^ or by artificial open- 
in sfs, as in the case of wells. 

There has thus far been briefly indicated in their relations 
to each other, and as parts of the natural circulation, rain- 
water, brook or river-water, sea-water or water of salt lakes, 
and again, as a sort of side branch from the main chief current, 
mineral spring- water and well-water. 

Rain-water, Rain-water, when it first condenses in the 
higher atmosphere, must be regarded as perfectly pure water. 
In falling toward the earth, however, it dissolves, from the 
gases of the atmosphere, some oxygen, some nitrogen, some 
carbon dioxide, some ammonia gas. After thunder-storms 
it also takes from the air some ammonic nitrate (NII^NOJ 
a substance believed to be produced by the influence of the 
electric discharge upon the elementary gases always present 
in our atmosphere. 

Of course in the vicinity of large cities, especially those con- 
taining many manufacturing establishments, rain-water col- 
lects many other substances. The air of towns imparts to 
the rain-water soot, and dust, and ashes, and even sulphuric 
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• atud, from the coal burned. To thene must W added, of | 
I'ourse, all those special impurities cast out by tho chimneya-J 
of special manufacturing estabtiahmeuta, and there must still I 
be added large quantities of organic refuse, cast forth from J 
living animals — and dead as wtll — representing in theaggre- 1 
gate no trifling amount of organic contamination. 

All this has reference, of course, to rain-w:iter that tias been J 
carefully collected. Rain-water, as ordinarily collected from i 
the roofs of a city, is often contaminated from tlie materials j 
of the_ roofs as well as by the dust collected upon thera. 

While, therefore, the rain-water carefully collected iu the J 
open country may be comparatively pure, rain-water col- 
lected in the city may be quite otherwise. 

River-water. Rivers derive their chief supply of water from 1 
direct surface drainage. To this there is sometimes added ] 
water that has talien a short underground course and t'eeda \ 
"the river through the agency of springs. 

Ordinai-y river waters in their natural conditions are c 
paratively pure. Whatever impurities are in them depend ' 
mainly upon the character of the water-shed. Some granitic 1 
rocks allow the river-waters flowing over tliem lu come away j 
practically unaffected ; again, some sandy soils not only them- 
selves impart but little impurity, they sometimes act as filters 'j 
of the water passing through them, removing frorait impuri- 
ties oii gin ally contained in it. 

While water of thinly-settled regions derives relatively 
few impurities, that of densely populated places ollen receives 1 
I /rom farms and human habitations and factories vast amounts ' 
of foreign matters, most of them propei-ly considered as pol- 

Sea-water and water of salt lakes. The aciumulation of salts I 
in the oceans and in the salt lakes is largely due to the fact ] 
that, while the rivers flowing into them are Lontinually carry- 
ing mineral matters toward them, the water e\aporating | 
from them is practically pure. Of course the sea \vater of ^ 
different localities might be expected to tontam matters of j 
■ slightly varying quality because of differeucts m the ter 
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trial strata furnishing them. They might also be expected 
to vary in quantity because of differences in the amount of 
evaporation compared with the flow of river-waters toward 
them, and also because of the varying influences of oceanic 
currents. Thus the water of the Mediterranean has about 
one tenth more mineral matter than the waters of larger 
oceans — a fact which is due partly to the great amount of 
evaporation, referable to the hot winds from the Great Desert, 
and also to the limitations upon its circulation, referable to 
the narrow and comparatively shallow passage at 6ib];altar. 

The average composition of sea-water may be stated as 
follows : 



PEK CENT. 

Water 96.470 

Sodic chloride (NaCl) 2.700 

Potassic chloride (KCl) 070 

Magnesic chloride (MgCIa). . . .360 
Magnesic sulphate (MgS04). . .230 
Calcic sulphate (CaSO*) 140 
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Calcic carbonate (CaCO») 003 

Magnesic bromide (MgBra).. . .002 
Other matters aggr^ating. . . .025 



100.000 



Spring-water. The water of mineral springs differs from 
ordinary well-water in that while it contains usually very 
small amounts of organic matters — that is, animal and vege- 
table matters — it often contains very Inrge amounts of min- 
eral matters. 

It is also generally charged with gases. The most com- 
mon gas thus present is carbon dioxide, but some spring- 
waters contain oxygen, nitrogen, sulphuretted hydrogen and 
hydrocarbons. 

The large amount of mineral matters present in true min- 
eral waters is due partly to the fact that the waters have 
filtered to great depths in the earth and have come in con- 
tact with considerable deposits of mineral matter, and this 
too, with the water under so great pressure as to favor solv- 
ent action. 

Again, some of the gases, notably carbon dioxide, held by 
mineral waters increase very largely the solvent power of the 
water. The spring- waters of the civilized world vary very 
much in their remedial influences because the substances oon- 
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tained by the waters vary very much. Partly on this a 
count classification of them is difficult; they are capable, ' 
however, in a general way, of being classified according to J 
the acid radicles predominating, a,s,Jirst, carbonated; second, | 
sulphuretted and sdphatic ; iAiVrf, chlorinated ; /owr^ sil- 
icious. 

AgaiD, they may be classifi-ed according to the metallia ■ 
radicles prevailing in them, asyjimt, alkaline ; second, magne- 
s\a.u ; third, calcareous; /bur(A, chalybeate {when containing 
iron in abundance). A given water may, perhaps, be classed 
under both groups at once ; thus it might be said to be at 
once carbonated and alkaline. 

Well-water. Well-waters have already been classified as 
belonging to the same group as mineral spring-waters. The , 
well-waters, however, pass through a smaller quantity of | 
earth and so take up less mineral matter. 

When wells are ukuated in populous districts their waters I 
often become directly or indirectly impregnated with danger- I 
ons impurities, such as animal ami vegetable matters which \ 
have drained into them from cesspools or sewers. 

If such waters are used for drinking or cooking they are 1 
often extremely dangerous ; many epidemics of certain classes i 
of diseases, such ais typhoid fever and cholera, are directly J 
traceable to the domestic use of water contaminated by si 
age. 

Deep wells, called in general artesian wells, have sometimes 1 
yielded waters resembling mineral spring-water. Sometimes, , 
howeser, such water has been found comparatively free from | 
mineral matter, and, indeed, from organic matter, so as to b 
well fitted for drinking and cooking purposes. It seems, i 
fact,as if the water had undergone an entirely succceasfal I 
natural process of filtration. 
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CHAF'TKR XVII. 

SULPHUR. 

|ULPHUR, in its aggregate in the earth, is by no 
means an abundant element. Thus, its quantity 
is far inferior to that of oxygen, as is strikingly 
illustrated by the diagram already presented. 
(See page 17.) Yet sulphur was recognized by human be- 
ings thousands of years before oxygen, which it has already 
been stated was discovered in 1774. The comparative late- 
ness of the discovery of this latter element, now known to be 
that one which predominates largely over all others in the 
earth, is due partly to the fact that free oxygen almost in- 
variably exists in gaseous form, and that the idea, or notion, 
of gas is one of recent growth. The fact that sulphur was 
recognized so much earlier is due to many circumstances. 
First. It is found in the earth in the solid condition — a 
form at once tangible and easy of recognition. Second. Its 
yellow color helps to render it noticeable. Third. It exists 
in the earth in countries which have long been the abode of 
civilized beings. Thus it was early recognized in Italy. 
Fourth. It occurs in deposits of such a character that it can 
be readily obtained in a comparatively pure form from them. 
Fifth, It possesses remarkable properties some of which 
would be easily detected even by savage peoples, while 
others have for centuries excited great interest in the minds 
of students of alchemy and chemistry. One of those prop- 
erties is the ease with which it assumes a liquid form — that 
is, melts — when slightly heated. Another is the readiness 
with which it takes fire and burns in the arr. A third, 
closely connected with the foregoing, is the striking blue 
flame produced when it burns. Still another, and not less 
noticeable one, is the choking and disagreeable odor attend- 
ant upon this combustion. 
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Finally may be mentioned a circumstance which for a long 
time conti-ibuted to make it peculiarly interesting to the 
alchemist, if not to ordinary ni«n: this ia the fact that whei 
sulphur is in the pure form it may he burned away without 
leaving any ashes. In this respect it differs from most other ■. 
combuHtihle materials; and thia property created the impres- 
sion that sulphur is a soit of principle of lire, and that it 
somehow exists in all comhustible hodies. Indeed it is only 
for about a hundred years that sulphur has been classified as a 
distinct elementary foi-m of matter. It is not intended to 
indicate here that the strong interest of the alchemists in 
sulphur was mainly referable to the circumstances of its 
combustibility. Its power of (iombiuation with the metals 

s well known to them, and was recognized as a subject of 
practical importance and one worthy of carefol study and 
thought. 

Natural Sources of Sulphur. 

The principal supply of sulphur for commerce is obtained 
from the volcanic districts of the island of Sicily. Here in 
fact there are more than two hundred distinct establish- 
ts for production of the substance, and they are capably 
of yielding about two hundred million pounds of it per year. 
The fact that sulphur is easily and widely recognized in 
the earth has already been dwelt upon. But it occurs in 
nature in a great variety of forms. The first and most strik- 
form is that of free and uncombined sulphur. In thia 
^ condition it occurs either as masses or as fine powder. Some- 
f times these materials possess the well-known and easily 
recognized yellow color of sulphur; sometimes, however, the 
color is white, or otherwise disguised, by reason of some pe- 
culiarity of the sulphur itself or else because of the admix- 
ture of foreign substances. 

Deposits of sulphur occur in the most considerable quanti- 
ties in the neighborhood of either active or extinct volcanoes. 
Thus sulphur earth occurs near Vesuvius and jEtna, also in 
[ the vicinity of the volcanoes of Iceland, in the crater of Po- 
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pocatapetl in Mexico, in Central America, and in the I 
wicb Islands. 

In gathering sulphur from Popocatapetl a company i 
laborers go down into the crater. There they gather t 
sulphur and place it in large buckets, in which it is hoiste 
to the summit. They work L-onlinuously for aboat a month, 
eating and sleeping in the crater, nntil, completely exhausted 
by the arduous labor and the sulphurous fumes of the volca 
they are hobted out and rest while others take their place, j 

In the region of some extinct volcanoes the soil is Imprq 
nated with sulphur to the depth of twenty or thirty feet, aaj 
such soil is therefore a convenient source of the element. 

Purification of Natural Sulphur Ores. 

In obtaining sulphur fiom the earth for commercial par- 
poses two simple proceaaes are resorted to. By the first 
method, masaea of the sulphur earth are heaped up into a 
pile, in connection with a fimall amount of fuel and over a 
shallow depression in the earth. Upon setting the mass on 
tire considerable quantities of sulphur escape combustion, 
and so melt and run down to the grotmd below the heaj 
When the fire is extinguished, the sulphur that collecl 
beneath may be secured in a form now oidy slightly impui 

The second method of jmrification of the earth is still 
ducted in Sicily in the following crude manner, though 
is quite an improvement upon that just described ; 
slightly inclined plane of masonry is built upon the groniM 
Around the edges of this plane a low wall is erected, 
the lower siiie oF the plane the wall is perforated. Upon tl 
surface of the plane large masses of sulphur earth 
fully piled up so as to form a well-built heap. When it 
reaches the proper height its outside is covered all over, first, 
with small fragments of the same kind of earth, and then 
with its fine dust. Sulphur at the lower portion of the heap 
is then set on lire at several points. The heat from the 
sulphur that burns melts other portions of it, which then 
trickle down the spaces between the masses of rock. 1^ 
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melted material, finding the bottom of the pile, runs freely 
to the lowest portion of tlie platform, then through the per- 
forations and wut into wooden boxes placed to receive it. 
The heap burns for two or three weeks, at the end of which 
"time the operation is finished. When the mass is cool it is 
[ torn down, and a siniilar pile' is creeled from fresh portions 
I of the sulphur earth. The objectionable features of thiaproc- 
are at least four. First, the consumption of sulphur as 
I fuel is a wasteful one. Hut in reply it may be said that no 




Fie. S9.— Calcanne. or heap of burnlnE mlnenil from irblch aulphar 

'_ cheaper fuel is accesnihle where this manufacture is carried 
on. Again, the great volumes of sulphur dioxide given out 
by the burning calcaroni — as the heaps are called — are inju- 
rious to the health of the workmen. Further, these same 
products exercise a very destructive effect upon all vegeta- 
tion in their vicinity. In fad, on this account the Italian 
Government litis provided by law that this work shall not be 
carried on at all between July 1 and December 31. Finally, 
the method is least successful with the richest ores, for they 
readily break down into powder which it is difficult to util- 
e in the calearoni. 
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A new and greatly improved mellio'l, iimi om; ' 
eoiuea all the objections above cited, has recently been intro- 
duced. In this, the ore Is placed in perforated metal baskets 
and then immersed in tanks containing hot solutions of 
calcic chloride in water. Under these conditions the sulphur 
luelts out from its ore and fnlls to the bottom of the tanks 
whence it is drawn out by stop-cooks in a comparatively pure 
form. 

Sulphur is generally subjected to a still further purilii 
tion. This is conducted somewhat as follows: The crui 
sulphur, being melted in a suitable retort and over 
iire, changes into vapor and passes into an apartment con- 
structed of stone or brick, and prepared for the purpose. In 
this apartment the sulphur at first condenses on the walls as 
minute yellow crystals, or powder, called flowers of sulphur. 
When tlie first charge of sulphur in the retort has been com- 
pletely vaporized a' new supply is allowed to run in, thfa 
time in the liquid form, from a small heater placed above the 
retort. The waste heat from the furnace melts the sulphur 
in the heater, from which it flows into the retort (by means 
of the tube shown in Plate VI). When a sufficient amount 
of flowers of sulphur has collected in the chamber the fire is 
extinguished. The purer product is then removed. After- 
ward the whole operation is repeated. 

The refining may be conducted so that the temperature of 
the condensin;; apartment may rise considerably; in this 
the vapor in it condenses to the liquid form. This liquid 
may be drawn off at the base of the chamber into a small 
receiver, from which it is ladled into molds, which give it 
the form of cylinders known in trade as roll brimstone. 
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Natural Compounds of Sulphur. 

Sulphur is also found in the earth in the form of cert 
chemical compounds. Some of these are very widely el 
tributed. They may he divided into two clasaeB. 

The first class-— whose representatives are by far the n 
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abundant — includes the metallic sulphides, that is, com- 
pounds formed by the direct uuioa of sulphur with some 
metallic substance. As examples of compounds of this Gla§s 
■we mention: 

Sulphide of iron (commonly called iron pyrites, and having ' 
the formula FeSJ. 

Sulphide of lead (commonly called galena, and having the 
formula PbS). 

Sulphide of zinc (commonly called blende, and having the 
formula ZnS). 

Sulphide of mercury (commonly called cinnabar, and hav- 
ing the formula HgS). 

Many otlier examples of similar import might be given, 
for it is a well-known fact that most of the lieavy metals ' 
occur in the earth in combination with sulphur. 

The other class of compounds also containing sulphur 
combined with the motals has usually oxygen in addition. 
Two examples of this class may be given here ; calcic sul- 
phate (commonly called anhydrite, and having the formula 
CaSOJ; also baric sulphate (commonly called heavy spar, 
and having the formula BaSO,). 

Sulphur ie very widely distributed in animal and vege- 
table matters. In these it exists, not as an nncombined ele- 
ment, but in union with others. Indeed such compounds 
have many other elements besides the sulphui*, and they are i 
characterized by decided complexity of structure. But sul- i 
phur is oftener a component of animal matters than of vege-_ , 
table. The presence of sulphur in an egg ia proved by an 
experiment of every-day occurrence — that is to say, the 
silver spoon with which the egg is eaten becomes blackened. 
This blackening is due to the production of a new compound 
formed by a true union of sulphur from the egg with a part 
of the metal of the spoon. In fact the black material is 
sulphide of silvt-r, and it may be represented by the formula ' 
Ag,S, A French chemist has estimated that in the body of 
a human being of ordinary size there exists, in the aggre- 
gate, not far from one quarter of a pound of sulphur. To 
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ibia he adds the curious estimate that the entire hui 
population of France may be represented as containing' n 
far from nine milliona of pounds of sulphur. 

Chemical Properties of Sulphur. 
Tlie chemical properties of sulphur may be said to be in 
most important and interesting ones. That it has a ^ 
range of chemical aptitudes is shown by the fact that i 
combines in simple forms of union with a majority of tl^ 
elements known. Thus it has strong affinities for most 
the metals. On the other hand it combines with various 
degrees of attrnctive force with nearly all the noo-raetala as 
well. Evidently, then, sulphur forms a very large number 
of chemical compounds. While the lirtiits of this work a 
such as to make it impossible to describe many o( 
there are three that may with propriety be briefly discusac 
in this place, and these are: 

Sulphuretted hydrojwn (H,8), 
Sulphur dloiiJe (80,), 

Sulphur triaiidu (SO,). 




Sulphuretted Hydrogen. 
This substance ia a oolorleaa gas. It has an extremeljp 

offensive odor; in fact it is a prominent component of that 
numerous group of gaseous products of decomposition of 
animal matters that produce the disagreeable smell attends 
ant upon the decay of the latter. 

Again, it is found in the waters of certain natural snlphn 
springs, and it is a remedial agent of considerable vain 
when properly applied externally or when taken into 1 
stomach. When received into the lungs, however, it is t 
cidedly poisonous. 

A considerable number of simple experiments may 1 
tried with it. 

In these the gas need is generated by adding diluted a 
phuric acid to artificial ferrous sulphide. The ferrous ai;^ 



phide is usually in an u fact ii red by heating a mixture of roll J 
brirastone anct iron filinga in a sand crucible. In producing J 
the gas the chemical change is represented by the follow- ' 
ing equation : 



H,SO, = H,S 

Sulphuric BCid, iivd^en. 



+ FeSO. 

Ferrous Bulphate, 



For the purpose of the experiments here mentioned a 
flask or bottle may be used to prepare the gas and convey 
it into another bottle containing water. In the water the 
sulphuretted hydrogen gas dissolves in such quantity that 
the solution so afforded may be conveniently employed for 
showing the properties of the gas itself. 

The following interesting experiments may be performed 
by use of this solution: 

1. Dissolve in water a small quantity of plumbic acetate, 
also called sugar of lead. Filter this solution if convenient. 
To the clear liquid add some sulphuretted hydrogen water. 
A black precipitate of plumbic sulphide (PbS) should imme- 
dately appear. 

2. Dissolve in hydiwchloric acid a fragment of white 
arsenic not bigger than a pin's head. To the solution freely 
add sulphuretted hydrogen water. A beautiful lemon-yellow 
precipitate, consiBting of arsenious sulphide (As^S,), should 
result. 

3. Dissolve in hydrochloric acid a minute quantity of tar- 
tar-emetic. To the solution freely add sulphuretted hydro- 
gen water, A beautiful orange-red and flaky precipitate of 
antimonious sulphide (Sb,Sj) should appear. 

4. Dissolve in water a minute fragment of cupric sulphate, 
commonly called sulphate of copper or blue vitriol. To the 
solution add some of the sulphuretted hydrogen water. 
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This shoulil instantly give rise to a black precipitate i 
uupric sulphide (CuS). 

5. Dissolve in water a small quantity of zinc sulphate, T<£ 
the solution freely add sulphuretted hydrogen water. Therafl 
should appear in this case a white precipitate consisting c ~ 
zinc sulphide (ZnS). 

These few experiments show that sulphuretted hydrog^ 
is a Gonveuicnt substance for bringing sulphur into unioi 
with the metals, and, moreover, they sustain the statementfi 
already presented, that many metals show strong affinity foi 
sulphur and marked tendencies to combine with it. For 
these reasons sulphuretted hydrogen is much used in chem- 
ical laboratories for distinguishing one metal from another.* 

Sulphur Dioxide. 

When sulphur burns in oxygen gas or in atmospheric i 
it gives rise to a new gas of choking and offensive odor. 
This is the same subgtance as that produced in the first 
stages of the burning of a sulphur match. It is a substance 
of considerable importance in the arts, first, because it is 
always produced in one stage of the process used in the man- 
ufacture of sulphuric acid. 'Sow sulphuric acid (commonly 
called oil of vitriol) is a commercial product of enormous 
consumption, (See page 156.) Again, sulphur dioxide IB- g 
used, as such, to a considerable extent in the arts, the pria->! 
cipal uses being in the bleaching of straw and woolen goods. I 
Chlorine aa a bleaching agent has already been discussed, J 
but it is used mainly for the bleaching of cotton and linen ■ 
goods; it has an unfavorable and injurious action upon strawJ 
and woolen goods. 

The way in which these latter are bleached by the Hse t 
sulphur may ho illnstrated by a very simple cxperimei 
Place a few fragments of roll brimstone in a small crucibte 
Ileat the crucible carefully until the sulphur takes : 
Then cover the burning sulphur with a glass lamp -chimney J 
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or any othei' auitabie contrivance. In tlie top of the chin 
ney hang a moistened carnation pink or othi;i- red flower. ] 
A few minutes' exposure to the gaa results in a partial 
bleaching of the flower. 

On a commercial scale the sulphur bleaching process is ] 
conducted in practically the same manner. For bleaching j 
woolen goods there is provided a small wooden house having | 
a brick floor witli a small pit in the center. Tlie goods are ] 
hung up in this house. The pit is filled with sulphur which, I 
when all is ready, is set on fire by throwing a piece of red-hot 
iron upon it. Now the doora and windows of the house are I 
closed. Of course the sulphur burns into sulphur dioxide. ' 
The operation ia allowed to proceed without any further ' 
attention during one night. The gas distributes itself 
throughout the goods and bleaches tliera. The next morn- 
ing the doors and windows are opened, and, when the fresh 
air has driven the sulphur dioxide from the chamber, the 
goods are found to be bleached. Every one knows, how- 
ever, that this bleaching has not the permanence that chlorine 
bleaching ha^. Thus white flannels very soon return to their 
original yellowish shade. 

Sulphur dioxide is placed by the chemist in the class of | 
acid anhydrides. This term ie intended to carry the mean- 
ing that substances belonging to this class combine with 
water to form acids. In accordance with this form of ex- 
pression, suljihur dioxide ia also called sulphurous anhydride. 
Plainly thia means that sulphur dioside with water will form 
an acid. Such seems to be indeed the case, for water has 
the power of dissolving large quantities of sulphur dioxide, 
and when it does so the water acquii-es the cliaract eristics of 
an acid. In fact it is then called sulphurous acid. 
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One special characteristic which justifies the name sul- 
phurous acid is the fact that the solution so produced has 
the power of producing a series of salts as the other acids 
do. In this case the salts have the general name sulphites. 
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Chapter xviii. 

SULPHUR TRIOXIDE. 

jULPHUR trioxide does not exist by itself in 
nature. Mnreover, it is but little known even as 
an artificial product. It ia not an article of ordi- 
nary sale, though it is occasionally made by the 
chemist. Yet it ie a constituent part of one of the mqst im- 
portant compounds known to modern industry. That com- 
pound is aulphurie acid. 

Sulphur trioxide is a white solid, but it cannot easily be 
kept so. This is because it hasi very strong affinity for moist- 
ure. In fact it readily absorbs that water vapor which is- 
distributed through the atmosphere even in dry weather, 
and when the ordinary observer would suppose that the air 
contained no moisture at all. When it absorbs moisture it 
chemically combines with it, forming sulphuric acid. 

The chemical change is represented by the following 
equation: 

SO, -1- H5O = H,SO. 



Sulphur trioxide, 



Water, 



Sulphuric add. 



On account of this reaction sulphur trioxide ia often spoken 
of as sulphuric anhydride, tlie term anhydride (or acid anhy- 
dride, more properly) being intended to suggest that the snb- 
Btance so named is derived froni an acid by the removal of 
water from the latter. Thus sulphuric acid minus water 
produces sulphuric anhydride. And this harmonizes with 
what has before been declared; namely, that sulphuric anhy- 
dride — or sulphur trioxide— ^»j water produces sulphuric 



m 



CHnSflSTRT. 



Sulphuric Acid. 
This substance ia known to commerce chiefly under thtw 
name of oil of vitriol. It is an oily liquid nearly twice i 
heavy as water. It lias very powerful chemical action upo^ 
most substances with which it conies in contact. Moreover;] 
its market price is vei'y low— that is, between one and twa 
cents a pound at wholesalo. To these two facts last i 
tioaed — that is, the maiked chemical jiower and the low 
price — is referable the enormous demand for the substance 
To be sure, increase of demand and fall in price have a" 
reciprocal action. Even a slight clieapening of a substance 
widens considerably the range of its possible uses, and 
increases the amount consumed. Again, increase of demand 
and consumption lead manufacturers to increase their pro- 
duction, a circumstance which is generally followed by lower 
price. The manufacture of sulphuric acid exemplilies these 
well-known principles of political economy. The manufact- 
ure of this Bubstance has risen within the last hundred yeai-a 
from almost nothing to a present aimual production of about 
nine hundred thousand tons in Great Britain alone. The 
price meanwhile has fallen to about one thirtieth of what it 
was in the middle of the last century. At the present time 
the price of oil of vitriol seems to be steadily decreasing, 
while the amount produced is steadily increasing in England, 
France, Germany and the United States — indeed in all 
countries pervaded by active industrial enterprise. It will 
be generally admitted, as M. Dumas has said, that the- 
amount of sulphurlo acid consumed affords a very precise 
measure of the advancement in industrial arts of a given 
country or of a historical epocli. 

Uses of Oil of Vitriol. 

It would be diftimilt to enumerate the many industries that 

demand the use of sulphuric acid. It must likewise be 

admitted that there are but few manufacturing operations 

which do not directly or indirectly involve its t 
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luatries that stand in the front rank aa direct con- 
of this acid are tlioae that involve the following 
namely, the bleaching of cotton goods ; the 
removal of scale from iron in its various forms, such as cast- 
ings, wire, etc.; the changing of corn starch into the variety 
of sugar commonly called glucose; the refining of bullion of 
gold and silver; the refining of petroleum oil; last, but not 
least, the manufacture of chemical fertilizers for agricultural 
use. Less directly, but still in enormous quantities, it is used 
in the manufacture of soda-asli and bleaching powder, already 
referred to as having reached an incredible consumption; in 

anufacture of alum; in tlie manufacture of both of the 
great acids of commerce, hydrochloric acid and nitric acid, ■ 
which must be said to come next to sulphuric acid in useful- 

and finally, in almost all the distinctly chemical indus- 
tries. 

Manufacture of Sulphuric Acid. 

Notwithstanding the extremely low price of oil of vitriol 
and the immense quantity of it manufactured its production 
implies a series of processes far more complicated than those 
involved in the preparation of any other well-known acid. 
Moreover, although the various intricate details of its prep- 
aration are matters of tliorougli esyierhnental knowledge to 
the producer, there are several steps which are not yet 
clearly comprehended even by the most eminent chemists of 
the age. 

The process of manufacture, as at present conducted, ia 
properly described as a continuous one. By this it is meant 
that the raw materials are steadily introduced at one end of 
the apparatus used, and the finished product is steadily drawn 
out at the other, the process meanwhile going on without inter- 
ruption night and day for years. In order to a better com- 
prehension of the i)roce8S it is here described in four stages. 

In the first stage, sulphur is burned in a current of air. The 
material employed is either partly refined Sicily sulphur, or, 
what is largely rised at the present day, some mineral com- 
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pound of sulphur, like the iron and copper pyrites. In either 

case sulphur dioxide (SO,) is formed. Thin is the well-kuown 
choking gas given oiil by a burning sulphur match. As pro- 
duced on a large scale the gas passes into a series of enormous 
leaden chambers. These are iu fact rectangular rooms, often 
as large as one hundred and fifty feet long, twenty feet wide 
and fifteen feet high. Generally at least three chambers are 
in a eeries, connected by leaden pipes. Siilphtir dioxide gasj 
flows in a steady stream into the series of chambers s 




m Is supplied lo 
toward the high chimney of the work.f, whose draft ] 
the advance of gases through the whole apparatus. 

Tlie second stage is the most complicated one. It is thd 
oxidizing of the sulphur dioxide {SO,) into sulphur trioxidq 
(SO J. This is indeed accomplished by means of the o 
of the air. But this oxygen is not capable of directly ohangr 
ing 80, into SO,. Certain gaseous oxides of nitrogen ana 
forced into the chamber at this stage ; and these have t' ' 
remarkable power on the one hand of taking oxygen I 
from the air, and on the other of imparting t' 
oxygen to the compnund SO, in such a way as to change i! 
into the compound SO,. Of course the air is impoverished 



by the operation, a fact which necessitates a fresL supply of 
it through the entii'e series of chambers. 

The third stage is one whose principle has already been 1 
explained. At various parts of the chamber jets of steam \ 
are blown in. While these aid mechanically in the progress i 
of the gases through the entire series their main purpose is 
to furnish water which shall combine with sulphuric anhy- 
dride to produce sulphnric acid. 

Although the equation representing this chemical change 1 
has been given before it may not be improper to repeat it here: 
SO, + HiO 

Sulphur trioiide, Water, 




The effect of the steam is to give rise to a steady rain 
sulphuric acid in the chambers. Of course this liquid collects 
at the bottom. Thence it is drawn off to the evaporators for 
treatment in a fourth stage. 

It is plain that up to this point the series of chemical reac- 
tions takes place in what we may characterize as a vast but 
irregular tube, open at both ends. This tube is enlarged 
here and there into great pockets which constitute the cham- 
bers. It is bent into a form appropriate to the conditions of 
the business. It is entered here and there by pipes for in- 
troducing the agents whose proper interaction gives rise to 
the product sought. It is also tapped for the purpose of 
drawing off the acid generated. This open tube has its final 
exit into the atmosphere through the tall chimnev with which 
it is connected. It has its first connection with the atmos- 
phere at the open throat, which swallows at once the vast 
volumes of sulphurous gas from the sulphur burned, and at 
the same time levies upon the air to contribute its oxygen 
to produce the substance which is the final purpose of the 
whole industry. 

The process thus far described cannot be made to produce 
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acid of the strength demanded by commerce. In the fourtli 
stage, then, the acid from the chambers is boiled, with aview 
of ex|)elllng some of the water in it, and thus of producing 
a more concentrated product. Tliis evaporation is itself no 
inconsiderable portion of the business. It is conducted first 
in shallow tanks of lead, and finally in costly stills of platinum. 
When at luDgtli the acid in the platinum stills has attained 
the proper degree of concentration it is drawn out by means 
of a siphon tube, and through a cooling tank of cold water 
into the glass fiasks called carboys, in which it makes its ap- 
pearance in commerce. 




7ir 4J =wt1 n ilappamluBuse'l fir toncentraUtiaBulphuric acid j 
cuDcentratlug: Is nnlBlied. 

Of course the account thus given is but a general sketch of 
this great industry. Associated with the apparatus and the 
processes here briefly described there are employed in actual 
working a multitude of other devices and operationB, Indeed, 
it might be anticipated that the successful conduct of a bus- 
8 of such magnitude and complexity would draw upon 
the inventive resources of some of the best minds that have 
been brought to bear upon chemical industries. 
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BORON. 

HE white substance called borax has long been 

known to exist as a solid deposit in tlic earth of 

y parts of the ancient East. But its uses have 

increased a thousnndfold as the result of the 

modem discovery of new and far more abundant sources of 

it. Thus in the manufacture of porcelain and in other of 

the industrial arts, and as a remedial agency in medicine, 

borax has now uome to be an important and truly useful sub- 

Btance to mankind. 

The knowledge of its composition is referable to a very 
recent date ; it is only in the present century that its char- 
acter as a true chemical ealt was fully made out. Borax is 
now recognized as sodic borate, which usually exists in a 
form holding ton molecules of water of crystallization ; ao- , 

rdingly the chemical formula is Na,B,0, 10 H,0. From 
this it appears that, in addition to the well-known eubstancoa 
'sodium and oxygen, borax contains a Bpecial and peculiar 
element called boron— a name evidently derived from borax. ' 
Again, being a salt, the substance must be viewed as contain- 
ing an acid — or, more properly speaking, the representative 
■of an acid. That thia is indeed the fact may be readily proved. 
If borax is dissolved in water in such a way as to form a con- 
centrated solution, then, upon addition of hydrochloric acid, 
ft solid substance separates in pearly flakes ; this upon subse- 
Huent examinatir'n is found to be nn acid. This solid acid 
has received the name boric acid, and it may be represented | 
by the formula H,BO,. 

Sources of Borax in Nature. 

For a long time the only known source of borax was 
f natural crusts of this substance found principally in 
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ground in certain parts of Asia. At the present day, how- 
ever, borax is obtained from Borax Lake, in California, in 
very large quantities. In fact the commercial needs of the 
United States for this substance are readily supplied from 
boras found within its own borders. The most interesting 
and iraporlant step in connection with the preparation of borax 
dates back to about flie year 1776, when the faut was made 
public that certain lagoons in Tuscany contained borio acid 
in their water. It was not until about tbe year 1828, bow- 
over, that the manufacture of boric acid from this source 
was Biicceseful upon a large scale. In some of the Tuscan 
valleys there ai-e volcanic crevices in the eiirth, called suffloni. 
Fi'om thorn steam escapes charged with certain compounds of 
boron. When this steam is brought in contact with water 
boric acid is liberated in the water. The method of secur- 
ing the acid is iis follows: & ring of masonry is buiit in a 
suitable place aud so as to include several suflioni. Some' 
times new suffioni are artificially bored within this ring. 
Into the basin so produced water from some convenient spring 
is conducted. The steam from the suffioni passing into the 
water produces boric acid there. When the water is suffi- 
ciently charged it is made to flow as a gentle cascade over 
a long series of shallow pans. The liquid readily evaporates 
from these pans, for under them also steam from suffioni is 
turned. It is indeed this last mentioned step in the manu- 
facture that became the turning point which has led to its 
Kuecessful prosecution. Tbe great cost of fuel for artificially 
evaporating the acid liquors rendered unprofitable the earlier 
attempts to utilize this source of boric acid, A French gentle- 
man, M. Larderel, suggested the use of steam from suffioni 
for the evaporation of the liquids produced, and the process 
was so successful that he quickly derived a colossal fortune 
from its employment. At the same time be enriched the 
territory that was previously not only desert and unproduc- 
tive, but also was looked upon by the inhabitants with super- 
stitious dread, and as little better than the gate of the infernal.^ 
regions. As a result of these inventions a barren and I 
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frequented territory has been changed to a seat of thriving 
and beneficial industry. Finally, it is interesting to note 
that for his services in developing the boric acid industry 
M. Larderel was created Count of Monte-Cerboli by the 
Grand Duke of Tuscany. 
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CHAPTER XX. 

NITROGEN. 

Sn'ROGEN is an im]iorta[U constituent of our atmot 
jilierio air, of which it makes up about eighty per 
ci-nt. ; the other twenty per cent, being oxygen, 
in tiie ail' the iiltrogeu is found in the fiee or un- 
uombined niate, and we may reasonably suppose that it exists 
liere to fulfill some important offices. Un question ably one 
of these is that of diluting the oxygen, the energetic constit- 
uent of air, and lessening its activities — for nitrogen itself 
is extremely inert. From the part it performs in the atnioa- 
]ihere nitrogen derives a considerable portion of the interest 
with which it is invested. 



Discovery of Nitrogen. 
Perhaps the first clearly defined recognition of nitrogen 
a constituent of the air is referable to the genius of a wonder- 
ful man, who, in obscurity aud with very simple apparatus, 
obtained an insight into the constitution of substances which 
has rarely been surpassed. Reference is here made to the 
Swedish, or rather Prussian, chemist Scheele, some of whose 
discoveries have been briefly adverted to in earlier chapters. 
It has already been stated that the distinct notion of a gas 
dales but little more than a hundred years hack ; and this 
statement is intended to call to mind that brilliant period in 
the history of chemistry when, among others, Black in Scot- 
land, Cavendish and Priestley in England, Lavoisier and hia 
worthy associates in France, and, finally, the sagacious Scheele 
in Sweden, were engaged in a generous rivalry in chemical 
studies, which made the close of the eighteenth century a 
period in the history of chemistry that will not be forgotti 
so long as the science itself shall endure. At this time 
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fltiuted effort was devoted, with ingenious but imperf 
appliances, to the study of gases. Of eourae the atraoapherio 
air, as the gas most vast in quantity, most accessible for ex- 
periment, most important in its relation to the economy of 
living beings, received its full share of attention. It was at 
this period that Dr. Rutherford, a, professor in the University 
of Edinburgh, demonstrated that after living animals have 
breathed in a confined bulk or volume of air there remains 
an inert and peculiar gas behind. And Priestley showed 
that after the burning of charcoal in a confined volume of air 
thei'e remains a gaseous material equal to about four fifths 
t of the amount of original air used. But it was Scheele who 
' first clearly pointed out that the air contains a second distinct 
I constituent that fails to support combustion and animal res- 
I piration. And Lavoisier first proved this constituent to be an 
I elementary substance, and he gave to it the name azote, 
which it still retains in the French nomenclature of cbem- 
i istry, and which is also used (in composition) in many En- 
l glish chemical terms to express the nitrogenous constituent. 
It is not forgotten that a critical examination of the history 
[ of human knowledge respecting the atmosphere reveals the 
I fact that a wonderfully clear, even though incomplete, ac- 
' count of the functions of the active constituent of the air was 
printed as early as the year 1669, by an English physician 
named John Mayow.* This afibrda another illustration of 
the fact, recognized by all students of history, that often, in 
the progress of knowledge, before the clear and full dawn 
aems to be a twilight ; at such a time, and before the 
' dnrkness has been fully dispelled, there have been found here 
I and there men gifted with supernatural mental vision who 
[ have been able to read the laws of nature long before acknowl- 
I edged philosophers, even, had found light sufficient. And so 
the truths learned by Mayow, though dearly stated by him, 
failed of recognition until they were rediscovered a hundred 
years later. (See p. 113.) 
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Preparation of Nitrogen. 

Nitrogen is usually jji'vjiai'eil from the aif ity the with- 
drawal of oxygen from it. This withdrawal is effected by 
some substance which has a strong ^^fli1]ity for oxygen. 

One method frequently resorted to is to bum phosphorus 
ill air. Phosphorus is placed in a little crucible of porcelain 
and then floated upon a cork on the surface of water in a. 
pneumatic trough. A bell-glass of air ia now inverted over 
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the phosphorus, after the latter has been set on fire, 
phosphorus burns at the expense of the oxygen in the 
glass. Thus the oxygen is little by little withdrawn, and ^ 
a result the nitrogen is left. Another method for preparit^ 
nitrogen ia based upon the same general principle. It ia till 
following : pass a current of dry air through a tube contat 
ing copper turnings heated to dull redness in a fuma< 
Under these circumstances the copper ahaorba oxygen frcw 

air, and leavea the nitrogen, which passes on to a reoelv^ 
prepared for it. 
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Properties of Nitrogen. 

Nitrogen prepared by these methoda, or by any others, pos- ' 
fiesses the followiug characteriaticB : 

It is a gas that is colorless, odorless and tasteleBH. It is ' 
not necessary to make any stientifie demonstration of these 
faetfi, because with every bi-eath of air drawn into the lunga 
of a. human being a large quantity of nitrogen ia inhaled, , 
and it is easily perceived to be without odor or taste, while 
a glance of the eyeiWo the atmoephere shows that, in mdderate 
quantities, at least, it is free from color. Up to a period dat- 
ing but a few years back nitrogen was spoken of as one of 
the permanent gases ; and this word permanent was intended 
to convey the idea that it ia not condensable to the liquid 
form. It is true that it was surmised that for every gas there 
must be a point of very low temperature and very great 
pressure at which the gas would assume the liquid form. 
Yet nitrogen, and two or three others, resisted all such at- 
tempts to liqnefy them until toward the close of the year 1878. 
Since that time successful effort lias been made to bring to 
a higher degree of perfection the appliances used for sub- 
jecting gases at once to intense cold and enormous pressure. 
With these it is believed that small amounts of nitrogen have 
been liquefied. And it may even be said that there is now 
no permanent gas known, but that all gaseous substances 
may In fact be liquefied,* 

As a simple and uncombined substance nitrogen is char- 
acterized by extreme inactivity. It does not burn ; it does 
not support combustion ; it cannot be made to enter into 
chemical union with other substances, except by specially 
devised and circuitous processes. 

While on the one hand inertness ia the mnrked cliaraeter- 
latic of the nitrogen, on the other hand this element is a 
constituent of a very large number of componnds. Moreover, 
these compounds are themselves often characterized by a 
high degree of activity. Of the last two declarations the 
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first one seema to be iiiconsislent with the properties of nitre 
gen in its elemental form. Tlie second one seems iuconaist- ' 
ent, but less so wben it is carefully considered. Thus the 
activity of the compounds of nitrogen is to a certain extent 
referable to their inBtability. The meaning of instability, 
as used here, is that the compounds are easily decomposed ; 
and this ia because the inert nitrogen readily lets go its hold 
upon the other elements. Whence it appears that the a 
tivity of the componnds, is really referable to the energeUl 
action of the element or elements now loosed from t 
gen, riither than to the nitrogen itself. 

In nature nitrogen is found aa a constituent in sc 
important compounds. Thus it seems to be an essential 
element of some of the principal animal matters, such as mus- 
cular fibre and the material of the brain. Again, it is a coib 
stituent of ammonia gas and also of a multitude of compound 
derived from it. Now these compounds are members ot % 
group of substances which serve an most valuable kin< 
food for living plants. So it may be said that both living 
animals and plants seem to be in a peculiar way dependent 
upon nitrogen or nitrogenous matters. 

Compounds of Nitrogen and Hydrogen. 
Properly speaking, only two compounds of nitrogen i 
hydrogen are known ; 

ninmidoRcn {Hydrazine) 2NH, (or N.H,). 

Ammonia Gas. NH,. 

A third compound called ammonium (NH,), and viewe< 
as a hypothetical metal, ia often referred to. Since, however,. ' 
this substance is at present known only in combination with 
other elements it must be considered as having a theoretical 
rather than a real existence. 

Hydrazine, 

This Rubatance ia a colorless g.^^ which, when mixed wit5_ 
much air, has but little odor; when concentrated, liowevffl!^ 
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it has a very instating iufluetice upon the mucous membranea 
of the nose aud throat. It isof ehief interest to chemists be- 
cause of its history. From certain compouuds contaiuiog ni- 
trogen, hydrogen, and other substances, it has long been recog-. 
niaed that the group of atoms represented by the expression 
HH, has akind of iutegrily which suggested the possibility of j 
its separate existence. It was not practicable, however, 
produce it as a separate compound until very recently. Theo- 
dur Curtius has within a short time announced that he has ' 
prepared the substance, and he has described his method. 



Ammonia Gas. 

Under favorable ciicurnstanees nitrogen and hydrogen 
combine to form the stable, interesting and important com- 
pound called ammonia gas, and having the formula NH,. i 

While the gas may bo produced by the direct union of the i 
constituents — that is, when a mixture of nitrogen gas with i 
hydrogen gas has an electric discharge slowly passed through 

—this is not a common mode of procedure. Ammonia gas | 
is oftener prodaced bj' a natural or artificial decompositi' 
' of certain substances that contain nitrogen and hydrogen 
among their constituents. As it has already been stated that 
many animal matters contain nitrogen and hydrogen, it fol- ' 
lows that animal matters when decomposed afford ammonia , 
i ; and so they do, in fact, whether the decomposition 
, in the course nf their natural decny, or whether it is ci 
, ducted artificially, as, for example, when animal matters are ; 
I heated in closed vessels to the point of decomposition. 
deed ammonia g:is and its important commercial compounda ' 
were formerly produced in this last-mentioned manner. 

Ammonia gas — or some compound of it — is also foi-med, 
as may be readily imagined from what has already been said, 
from decomposition of ue^eiaftfe matters containing nitrogen. 
It is a fact that at the present day the principal supplies of 
ammonia gas and its compounds for the uses of commerce 
and the arts come from .such a source — that is, from the arti- 
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ficial deuompoKition of biliiniinoiis coal. It is true that I 
the ordinary sense coal ia not vegetable matter. But careful 
examination of it showa that it ia very directly derived from 
the vegetation of ancient foreate. The vegetable matter has 
been packed away in the earth and has been aubjected to 
water, heat and preaaure under auch conditions that these 
agencies have changed it to the form in wbich we find it. 
Now the coal-gas industry of the present day is ao conducted 
aa to decompose coal and collect many of the products of its 
decomposition. One of these products ia ammonia gas. To 
the decomposition of coal, therefore, the business world at , 
present looks for its supply of ammonia gas and the many* 
compounds derived from it. 

The name ammonia gas indicatea that it ordinarily exists ~1 
in the aeriform condition. It baa a very pungent odor, well- 
known as that evolved from smi'lling-Balta. It dissolves in 
water with very great facility and in very large quantities. 
It has a strong tendency to combine with aclda. This \at 
fact may be eaNily ilhistrated by simple experiments withn 
the reach of almost any one. 

Experiment with Ammonia. 

Provide two wine-glasses, or two shallow vessels of anyy 
aort. Into one of them pour the liquid known as spirits 
hartsliorn, and called by the chemist ammonic hydrate. In 
the other pour some concentrated hydrochloric acid. Abuna 
dant white clouds will quickly form above the vesacls anS' 
between them. These clouds are composed of minute par- 
ticles of a solid, called by the chemist ammonic chloride and 
expressed by the formula NH,CL The reason for their for- 
mation is this : from the spirits of hartshorn escapes ammo- 
nia gas (NH,); from the acid there constantly escapes 
hydrochloric acid gaa (IICI ) ; the two gases meeting in the 
atmosphere combine with enei^gy and form the smoky f 
act referred to. 

The chemical change ia represented by the followio 
equation ; 
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merce, well-known umler the name 
been said, it is a Holid, and It belongs to the class of subrl 
stances designated by chemists as salts. In fact, one of thel 
most striking characteristics of ammonia gas is its power XoM 
produce salts by union with acids. Here is a list of tiiree.| 
well-known salts of this soil : 

Wilh HTdrocliloric acid, HOI it produces Ammonio eliIor[de,NII,CI. 
" Nitric ftCid, HNOj it produces AmmDnie nitrate, NII.NOj. 

" Sulphuric acid, HjSO, it produces Ammoaie sulphate, (NHifiSO*. | 



Commercial use of Ammonia Gas. 

One of the chief uses of the ammonia afforded by the ilia- ' 
minattng gas industry is in machines for prodaclug ice arti- 
ficially. 

The general principle of these machines may be stated as 
follows ; By powerful pumps they compress ammonia gas to 
the liquid foi-m and the heat, called latent heat, of the gas is 
now freely evolved, and it is carried away by an abundant 
stream of flowing water. The liquid ammonia is nest trans- [ 
ferred to the jacketed space surrounding the relatively small 1 
amount of water which is to be frozen. 

By the working of the ice machines this liquid ammonia I 
vaporizes ; il now begins to absorb heat in amount equiva- 
lent to the latent heat it previously evolved. The machine 
is so adjusted that the ammonia shall absorb this heat from 1 
the small amount of water to be frozen. This water being ] 
deprived of heat is so much reduced in temperature that it 
reaches the freezing point, and thereupon solidifies. 
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Compounds of Nitrogen and Oxygen. 

Nitrogen and oxygen ordinarily manifest scarcely any af- 
finity for each other. There are conditions, however, under 
which they unite ; and, moreover, they unite in different pro- 
portions so as to form at least five different compounds. 
These may be presented in the form of the following striking 
series : 

Nitrogen protoxide (called laughing-gas,) NaO. * 

Nitrogen dioxide, NjOa (or NO). 

Nitrogen trioxide or nitrous anhydride, NaOs. 

Nitrogen tetroxide (brown fumes,) Na04 (or NOj). 

Nitrogen pentoxide or nitric anhydride, NjOs. 

Of these compounds unquestionably the most important 
is nitric anhydride — and this not on account of itself, for it 
is very rarely produced either in the arts or in the investi- 
gator's laboratory. Its importance is referable to the fact 
that, added to water, it produces nitric acid. 

This chemical change is represented by the following 
equation : 
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This acid has been referred to in another place as one of 
three principal acids of commerce. Certain of its most strik- 
ing properties may be displayed in an easy interesting man- 
ner by any one. For this purpose the following experi- 
ments are suggested : 

First experiment, — Nitric acid turns quill yellow. 

Place a few fragments of white quill in a test-tube. Add 
a few drops of nitric acid and then some water. Now warm 
the mixture. The quill will be found to acquire a yellow 



color. Fill the tube with oold water in order both to dilute 
the acid and to cool it. Pour away the liquid and wash the 
quill in water. The yellow color will be found to be perma- 
nent. Many other animal matters are turned to a permanent 
yellow color by nitric acid. 

Second experiment. — Nitric acid attacka copper with vio- 
lence. There is liberated by the process a gas called nitrogen 
dioxide {N,0,), which ia colorless but which becomes brown 
upon exposure to the atmospheric air. The chemical change 
gives rise to a solution sometimes green and Bometimes blue, 
according to circumstances. 

Place in a test-tube a small piece of metallic copper in the 
form of either wire or foil. Add some nitrio acid to the cop- 
per. Then warm it gently until the copper disappears. The 
brown fumes will be recognized. The colored solution of 
cupric nitrate, Cn (NO,), should also be noticed. 

Third eyiperiment. — Nitric acid attacks zinc with great 
I violence. 

\ Try another experiment quite similar to that just described, 
. only employ zinc in place of copper. Brown fumes are 
evolved, and a colorless solution is produced containing zinc 
nitrate, Zn (NO,),. 

Fourth experiment. — Nitric acid attacks iron with violence. 

Try another experiment, quite similar to the second and 
third, only employ iron instead of the other metals men- 
tioned. The tine iron wire used by florists is suitable for 
this purpose. The same brown fumes are evolved. A me- 
tallic nitrate ia also produced ; it is called ferric nitrate and 
its formula is Fe,(NO,)j. The solution is yellow, or but 
hlightly colored. 

Fijih experiment. — Nitric acid dissolves a nickel coin. 

An experiment similar to those already detailed may bi^ 
tried upon a nickel coin ; but it is not necessary to entirely 
dissolve the coin. After the acid has acted for a few 
moments water may be poured into the tube so as to dilutr 
the acid and at the same time to cool it. Then the liquid 
may be poured away and the coin withdrawn. In addition 
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to the brown fames evolved, the feature most noticeable is 
the decided green color of the solution. This is referable, to 
a considerable degree at any rate, to the nickel present. 
Nickel imparts a green color to most of its solutions. 

These experiments suggest that nitric acid has a marked 
influence upon the metals. This is in fact one of its promi- 
nent characteristics ; and it is largely used in the aits for the 
purpose of dissolving metals. 
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of our globe is the vast , 
matter at the bottom of which 
well as other land aiitmals, 
H so thin that a vessel full of it 
is spoken of in ordinary language as being empty, it yet pos- 
a reality which it often displays in a very serious mac- 
' ner. Its presenee is made gently evident to human beiiigs 
by the moderate resistance it offers to iliem when they are in 
I motion ; but when itself is in motion with the force of the 
hurricane or tornado no solid matter can stand in its path. 
\ Heavy railroad trains and massive buildings are hurled from 
their positions and turned into miserable masses of wreck- 
while even strongly rooted forests are swept out of place 
by its vigorous breath. The terribly destructive power of 
air at one moment and its mild and subtle eflieieney at another 
are very suggestive of the wonderful adjustment of the forces 
residing in it. It is by the restrained action of these forces 
[ that the atmospheric air is so admii-ably fitted to perform ita 
led functions in connection with animal life. At the same 
e it is so unobtrusive in its workings that its very existence 
r is at firet scarcely nuted. Wlien at rest it peacefully wraps 
[ the earth about as in a gossamer veil, but when in angry 
f agitaliim it scourges country and city alike as with a whip of 
' gigantic cables. 

The height to which the atmospheric air extends above 
tile earth is not exactly known. But carefully- devised es- 
perimcDts have shown that, going upward, its compactness o' 
jjensity diminishes very rapidly. Indeed, calculations based 
. upon exact experiment show that at a height of forty miles, , 
or thereabonts, from the surface of the earth, the air is s 
highly rarefied that practically it there comes to an end. I 
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other Mords, at this lieight a given bulk of space contaiDS no 
more air than exists in the so-called vacuum produced by a 
superior air-pump. 

Weight of Air. 

Notwithstanding the extreme tenuity of the gaseous 
medium in which we live, it is capable of buoying up on its 
wings a multitude of living beings of vast aggregate weight. 
It is firm enough to support the millions of birds that sail in 
it, and the myriad of millions of insects who yet more freely 
navigate it in search of food and warmth, and in answer to 
the various needs of their existence. 

One of the most striking evidences of the fact that air is 
indeed a material substance is very easily discovered by 
showing that it possesses weight. Thus, suppose a properly 
constructed glass globe is almost entirely emptied of air by 
the action of an efficient air-pump. Suppose then that the 
globe is weighed. Next if it be connected with a bell-glass 
containing ordinary atmospheric air over a pneumatic trough, 
it may be readily seen that the air leaves the bell-glass in 
order to pass into the globe. If this globe is now weighed 
again it is found to manifest a decided increase of weight 
This increase is due to the air it has received. By such 
means it may be easily shown that a cubic yard of air weighs 
not far from two pounds. 

Composition of Air. 

The principal constituents of air are the two gases, oxygen 
and nitrogen ; and of these the oxygen makes up about one 
fifth and the nitrojjen about four fifths of the whole. In ad- 
dition to these principal substances, however, certain others 
are always present, of which may be specified vapor of water, 
carbon dioxide and ammonia gas ; while more minute quan- 
tities of a vast multitude of other gaseous substances find a 
reservoir in the air. It is an unquestioned fact that the 
atmosphere is likewise charged most of the time with still 
more minute quantities of solid dust materials of various kinds. 
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An example is found in tlic common nalt, blown up iuto the 
atraospliere from the ruffled surface of the oceans. Now 
the oceans are spread over fully three fourths of the earth's 
surface, and the winds, blowing upon the crested waves, not 
only diffuso the salt over the oceans themselves but also carry 

I it far inland ; accordingly spectrum analysis reveals the prea- 

f ence of salt in almost all atmospheric air. 

Just as the rivei-s of water flow to the ocean and bear 
along to it debris of every kind — pulverized roek and earthy 
iriais and other washings from the soil, leaves of forests, 

' impure products of civilization thrown in from houses and 
manufacturing establishments — and all the.se materials make 
their relatively miuuto contributions to the impurities in the 
great ocean ilsdf, so it is with the atmospheric ocean. 

■ Thousands of millions of living animals pour out, with every 
breath from the iungs, materials exhaled from their bodies. 
AtuI bo wherever fuel is burned, or wherever manufacturing 
establishments iibeiate gases or vapors, or even finely pul- 
verized solids, these are cast forth from the mouths of i-eek- 
ing chimneys ; and they all flow iuto the great aerial sea. 
So then it is no unexpected circumstance that the air shoidd 

%^e a reser^'oir in which, in minute quantity, is likely to exist 
ivery gaseous substance produced. 



Offices of the Several Constituents of the Air. 

The oxygen of the air is its most active constituent. This 
I'iii the substance that ha^ already been described as essential 
l^or all ordinary combustion and all animal respiration. By 
fft great variety of characteristics it is well fitted for these 
; important offices. 

The chief duty of the nitrunen appeal's to be to dilute the 
f oxygen and moderate the excessive activities that would be 
, manifested if (ho atmosphere consisted entirely of the active 
Since iron and other metals burn in pure osj'gen, it is 
plain that in an atniosphtre of oxygen — containing no mod- 
erating gas like nitrogen— a lire once kindled in a stove 
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would not confine itself to its proper fuel, but would soon 
spread to the metal of the stove itself, and so initiate con- 
flagrations that could hardly be restrained. 

The moisture in the air adds a number of wonderful and 
serviceable characteristics to it. Thus it helps to retain the 
heat received from the sun and so materially contributes to 
the sustenance of animal and vegetable life. The heat of 
the sun penetrates our atmospheric coverlet with great readi- 
ness and this heat is received by the surface of the earth and 
thence is imparted to the layer of air immediately upon it. 
Now the moisture contained in the atmosphere — and in prin- 
cipal quantity in the portions of air closest to the earth — is 
one of the chief agencies that prevent the immediate escape 
of that heat that the solid earth has secured from the sun's 
rays. And it is in the warm layer of air so produced that 
animals and plants chiefly flourish. Ascend a mountain's side 
and a height is soon reached at which eternal snow and cold 
prevail, where animal life cannot penetrate and even the low- 
est forms of vegetable life can hardly make their residence. 
What has thus far been said points out a valuable office of 
water vapor, and one that is entirely in addition to that 
which this same material performs as it floats in the clouds, 
ready to fall as beneficent showers and then to proceed to the 
other steps in the progress of that useful circulation which it 
performs as a liquid. But it may not be out of place to 
mention here that the aqueous vapor in the atmosphere ap- 
pears to serve in another way for man's pleasure, even 
though in this particular no utility can be claimed. Thus 
the glories of sunrise and sunset, which have delighted intel- 
ligent beings for so many ages, are paintings upon the dra- 
pery of the firmament which the pencil of light has been 
enabled to produce through the medium of the refractive 
power of those gathering drops of water which float about 
in various forms and combinations in the morning or the 
evening sky. 

It has already been more than once declared that carbon 
dioxide is poured out into the atmosphere by all the ordinary 
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processes of combnatiuu. Thia is not only true of combustions 
such as those of coal and wood and similar highly carbon- 
aceous materials ; it applies with equal force to the animal 
body itself, which has been properly likened to a furnace. 
The air taken into the lungs at each breath ina]jired supports 
during life a continual combustion, by reason of which 
minute fi'agnieuts of the animal tissue are burned in nil parts 
of the system. One of the products of this burning is car- 
bon dioxide, which is carried to the lungs, thence to be ex- 
haled as a waste product into the atmosphere. It might at 
first be expected that this carbon dioxide would accumulate, 
and form a constantly increasing jiroportion of the air. But 
it is one of the proper foods of vegetable life ; for nature 
has wonderfully provided that plants should thrive by tho 
absorption, or inhalation, of this particular gas. And so all 
the leaves in the foi'est are continually cleansing the air of 
. that carbon dioxide that living animals have cast aside as a 
LjjtiHeless thing. And by a magnificent alchemy, the result of 
■ « wonderful and beneficent plan, they turn this waste mat- 
r of the animal frame into food for themselves, and they 
Kst out into the air as their refuse that oxygen gas which 
Diving animals demand. So, then, the two forms of living' 
toings exist in a harmonious partnership by reason of which 
le is benefited. 

An example similar to that just given with respect to car- 
T)on dioxide is found in ammonia gaa. This substance is one 
of the commonest products of the decay and decomposition 
of animal matters. Wherever animal waste is deposited upon 
the surface of the earth it quickly evolves ammonia gas. 
This gas difiiises itself throngh the atmoH])liere under the in- 
fluence of conditions whereby it may perform an important 
service ; for it is always extremely soluble in water. And so 
as soon as rain is condensed, whether in a gentle shower or 
in abundant torrents, each drop in passing through the air 
gathers ammonia and carries it down to the earth. Again, 
nonia is one of the chief foods for jilauts. And so the 
limps, charged with such ammonia as they have been 
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able to collect, bear it to the rootlets in the soil as a valuable 
and important food, and one which has been proved to have 
a most stimulating influence upon their growth. 

There is not o|)portunity here for discussion of the offices 
and the interplay of the other substances existing in atmos- 
pheric air ; tliey are more local in their effects and more 
difficult to trace and to describe. 

The Air is not a Chemical Compound. 

The importance of the atmosphere and its great abundance 
have naturally led to most thorough scientific scrutiny of it. 
Thus the amounts of its principal constituents have been 
studied with extreme care. One result has been that the 
principal constituents — the oxygen and the nitrogen — have 
been found to exist in air in proportions singularly constant in 
amount. This fact has suggested to some chemists the inoi- 
pression that air is a true chemical compound. This latter 
suggestion, however, appears not to be sustained by the most 
rigid examinations that have been made. In fact they give 
ample support to the opinion already declared — that the air 
consists of a mass of merely mingled gases, and that these 
gases are uniformly maintained in their proper proportional 
amounts by the beautiful interaction of the physical ^nd 
chemical forces with which they are endowed. 

Fitness of Atmospheric Air for its Uses. 

The statements already presented must have suggested to 
the reader that the atmospheric air fulfills its offices in nature 
much as any contrivance carefully devised by an intelligent 
framer would accomplish the work for which it was planned. 
Besides those chemical adaptations which have been the prin- 
cipal grounds upon which this line of thought has been sup- 
ported here, there are others which may be briefly suggested. 

By reason of the mobility of air, as w^ell as its tendencies 
to expansion by heat, our atmosphere is necessarily in a state 
of most intricate ebbing and flowing. One prominent effect 
of the motion thus set up is to cause a transfer of warm air. 
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and BO a distribution of heat, from more favored portious o 
the globe to llie others. 

This same result is also more completely attained by the j 
inSueiice of the speci/ie heat of air. Atmospheiic air has re- 
markable power — in which it resembles to noine extent water ] 
— to take up a very large amount of heat with but a alight rise "I 
in temperature ; similarly a slight fall of temperature is as 
ciated with a large evolutiou of heat. By reason of tb 
properties air, like water, haa an exceptional storage power for 
heat. This contributes largely to the equalization of climateR. 

The elasticity of the atmospheric air permits it to be- 
come a useful servant of man in the transmission of sound. 
Thus human beings — and with less distinctness most of the 
living creatures of the lower orders — communicate their i 
thoughts by means of spoken words through that line of at- 
mospheric air extending from them to their hearer or hearers. 

Again, the characteristics of the atmosphere are such that it 
diffuses sunlight. By this is meant that in air sunlight does 
not confine itself to those strictly straight lines which it fol- 
lows in empty spaces. So then this property of air mitigates 
the blackness of shadows, and, for example, he wl)o walks into I 
a shady lane does not plunge into absolute darkness, as he I 
might if we were deprived of this beneficial diffusing in- 
fluence of the atmospheric air. . 

ITie two considerations last adduced contribute mnch ] 
toward making the eaith a cheerful home for human beings; 
for they aid materially in the distribution of intelligible ideas. ( 
Moreover those properties of air by viilue of which its u 
dulatiug waves make music possible, and further those which ' 
peiinit the flight of light, and so allow of the existence of 
the graphic arts, certainly make no mean contributions to the 
happiness of man; thus they help to furnish the earth as 



p]a< 






READING REFERENCE. 
I Atmosphere, Selective power of, for heat rays. 
— Langlej, S. P. Science, t, jj. 450, 



184 CHEMISTRY, 




CHAF^XER XXII. 

EXPLOSIVES. 

HE principal explosives owe their activity, to a very 
large degree, to the presence of nitrogen in them ; 
thus they may properly be discussed in connection 
with that element. 
The explosives of chief importance are four in number : 
gunpowder, the fulminates, gun-cotton, nitroglycerin. From 
this list arises a suggestion of the uses of these substances in 
warfare ; but it must not be forgotten that they have also 
important applications in the arts of peace. Thus, enormous 
quantities of gunpowder and nitroglycerin are used in blast- 
ing operations, for purposes like the removal of rock prepara- 
tory to laying foundations for large buildings, as well as in 
excavations for railway cuttings and in the boring of tunnels ; 
also in the getting of building stone from quarries, the tear- 
ing of ore out of mineral bearing veins in mining operations ; 
and for loosening coal in coal pits. Large quantities are 
likewise employed in pyrotechnics. It must not be forgotten 
that fireworks are not only for purposes of night illuminations 
and for public gratification in times of popular rejoicings; 
they are also enii)loyed to a considerable extent for such use- 
ful purposes as night signaling in connection with vessels at 
sea. 

The use of gunpowder may be mentioned also in its con- 
nection with the life-saving stations on the sea-coast. It is 
a charge of gunpowder in a moitar that propels a cannon-ball 
having a line attached to it to a vessel in distress. 

Gunpowder. 

Of the various explosives mentioned, gunpowder is the 
oldest. While the invention of this substance has often been 
referred to Roger Bacon, the celebrated English friar who 



f died about 1292, it is now conceded that, lliough Uacoii evi- 
dently knew the composition of it, ttie uriginal inventioD dates 
far eailier than his limea. There seems foundation for the be- 
lief that it is at least a thousand years old, while its iiseinartil- 

I lery at the battle of Crec-y hIiowb its employment in warfare 




FJii. 4S.— Roger Baron, burn Dt-ar lli^biister, about 1214 ; died, probably at Oxiurd. li 



■ for over five hundred years. Bacon'a power of independent ' 

■ thought ]>laeed liim so far in advanee of the century in whii'h 
wtie lived that he became an object of persecution, but he ta 
Kitt present ranked as one of the prominent figures of history.' 
Tin his works Bacon refers to a substance that seema to corres- 
f pond to gunpowder, and in terms that suggest that he consid- 
P'Bred it as a material of not uncommon knowledge in his day. 
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The pnnuipiil constitueDta of gunpowder are three: potassieB 
nitrate, charooal and sulphur. The chemical action betwed 
potaasio nitrate and charcoal in gunpowder may be bett^ 
understood after a simple experiment, which any one can tryj 
The experiment referred to is as follows : take a large pieo* 
of charcoal ; heat it over a spirit lamp or gas lamp nntil ci 
tain portions of it take £re so aa to burn with a slight glui 
next, sprinkle very carefully a small amount of powder 
potaasic nitrate— also called both saltpetre and nitre — upos 
the glowing part. A burning, something like that of guB^ 
piiwdec, only less violent, results. The potaasic nitrate hu 
the formula KNOj. When it falls upon the glowing coal J 
portion of the oxygen leavoB the other constituents of tbM 
saltpetre and accomplishes thereby a true combustion of tlM 
carbon. One important factor in the operation is the elemeilj 
nitrogen ; owing to the general inertness of nitrogen it easilg 
allows the escape of other elements combined with it. 
case of the experiment just suggested, the combustion of tlw 
chareoal is referable to oxygen liberated by reason of tbl 
I'eeble affinity of one of the other constituents of the potassiS 
nitrate — that is, the nitrogen. Thus far the only thing partic- 
ularly suggested is the combuetion that takes place ; another 
point of importance may be mentioned in this connection. 
If finely powdered charcoal and potassic nitrate are thoroughly 
intermingled and then set on fire in a closed vessel, a large 
amount of gas, carbon dioxide, will be generated by the com- 
bustion ; and this gas may burst the vessel unless it is a veryM 
strong one. If, however, the vessel has an opening supplie 
with a cork or plug, this stopper will be violently drivi 
by reason of the explosive force of the carbon dioxide gener- 
ated. So, in the preparation of gunpowder, potassic nitrate, 
chareoal, and the third substance, sulphur, are finely pulver- 
ized and carefully intermingled. Thus they are brought to a 
state of thorough diffusion and intimate contact. The olticea 
of carbon and potassic nitrate have been already explained. 
The office of the sulphur is principally to combine with the — 
potassium of the potasfiic nitrate, yielding as a result i 
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somewhat lai'ger evolution of gas. At all events, when gim- 
powiier is consumed, two important results are afforded. As 
" already intimated, the first is the sudden liberation of a very 
large amount of gas — carbon dioxide. The second ia that 
tills gas is generated by a process of true combustion attended 
with great heat, the latter contributing largely to the ex- 
plosive force by veaaon of the great eKpausion of the gaseous 
products effected by the lie a ting. 

There are several different kinds of gunpowder, but they 1 
all consist essentially of the constituents mentioned. Their | 
differences are either in the proportions of the constituents J 
used or in the siae of the granules in which the powder is ' 
formed. Thus for some war pui'posea it is i-equisite that t 
powder should burn very rapidly, while in others it ia required 
to bum slowly. For the purpoae of regulating the rate of '. 
combustion, the gi'ains are made of various aizes. The amaller ' 
sizes bum more quickly, while those of larger dimensions, as 
well as those more strongly compressed, bui'n more slowly. 
While the exact chemical changes which take place when 
gunpowder burns are too complicated to admit of discus- 
sion here, they are in the main those just explained. 

Fireworks. 

Gunpowder affords the basis of the pyrotechnic art. It is 
employed also with the distinct intention of utilizing both of 
those prime properties already referred to. That is to say, 
by reason of its explosive force, gunpowder producea the var- 
ious forma of motion .and the loud reports requisite in fire- 
works. By reason of the intense heat afforded by its com- 
, bustion, the various kinds of light are producible. The truly i 
' marvelous effects obtained by the skilled pyrotechnist involve | 
^ the use of a great multitude of substances and also an ingen- 
s mechanical combination of them. 

io many forms and combinations of fireworks are pos- 
\ sible that no enumeration can be made here ; moreover, their 
J infinite capabilities depend upon the inventive resources and 
L skill of the maker. In a brief description, the rocket may be 
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takeii as the lyjie of fireworks. It is often oE most ingenious^ 
construction. Thus it may bo provided with many chambers, 
one connecting with another by proper passages. In these 
passages are placed fuses so that the fire shall n 
chamber to another in proper order. Of courtie the main 
barrel contains a quiekly burning gunpowder, Thia ia for 
the purpose of producing the ascent. It is well known that 
.a pistol, a rifle or a cannon always experiences a stroiiK 
recoil when tired. So does a rocket ; but the rocket ! 
so constructed that the recoil ia the chief factor in its fi 
discharge. That is, iu the case of the rocket, the disobargt 
is downwai-d and the recoil upward ; so that in fact th« 
ascent of the rocket is due ta what may be called an t 
ceedingly powerful recoil. When the rouket is high in a 
the fuse connected with its principal barrel lights its t 
oi'dinate chambers, and these then exploding distribute intj 
the sky the brilliant masses of stars or other graceful piece 
originally intended. The lou<l reports that take place at such 
times are due to portions of violently explosive substance 
within certain chambers, while the party-cidored lights pro- 
duced are referable to the burning of substances which hav6| 
been carefully selected for the purpose. Thus the pyroteo^ 
nist has recourse to mixtures of gunpowder and various otln 
chemical substances to produce colored fire. Finely powder 
charcoal or lamp-black give rise to a red fii-e ; so also do n 
of the Halts of strontium. Common salt or powdered resin givi 
rise to yellow fire. Copper fi.l'mga and certain salts of copper" 
produce greenish hues ; so do salts of birium. Zinc fi" 
and chloride of copper, and certain otbera, produce blue 
shades. Saltpetre, in eonsiderablequautity, affords a delicate; 
pink; while inm filings and steel filings and magnesium tilingi 
produce scintillations of great brilliancy. 

Fulminates- 

The fulminates are substances that are so extremely i 

stable in chemical ciiaracter that they require but & vei 

slight mechanical blow lo decompose them. Two fulminattni 
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in particular may be mentioned : fiilminale of mercury and 

fulminate of silver. They are both viewed as salts of a pe- ] 

cnliar complex acid called fulminic acid. This acid is a com- 1 

pound of carbon, hydrogen, oxygen and nitrogen. Wben J 

silver or mercury takes the place of the hydrogen in f ulminic I 

afid, the dangerous saltM just mentioned are obtained. Fill- I 

minating merenry is the ony of chief use. It is employed in I 

percussion caps. A di-op of gum is put in the inside of the I 

cap, then the exact amount of fnirainate in the form of a I 

powder is allowed to fall into the gum ; finally the whole ia I 

allowed to harden. When the eap is used, a violent blow ] 

. from the hammer of the gun or pistol gives rise to the ex- I 

plosion of the fulminate, and thia communicates to the gun- I 

I powderof the cartridge to be fired. Fulminating silver is tqo 1 

I dangerous for use in percussion caps, but it ia employed in ' 

I certain explosive toys like torpedoes. 

Gun-cotton, l 

(4nn-cott0ii is a chemical modification of the ordinary I 
cotton fibre. This fibre, when purified by chemical washings, j 
consists entirely of the substance called cellulose, composed j 
of carbon, oxygen and hydrogen. It is not different fi-oni J 
certain other vegetable fibres. 1 

When clean cotton is acted upon by strong nitric acid it I 
undergoes the wonderful chemical change to gun-cotton; ] 
without material alteration in its physical appearance there 1 
has been a chemical substitution by reason of which a nitro- I 
gen compound Las been introduced into the chemical mole- ' 
cule,aa asubstitute in place of certain of the hydrogen atoms | 
originally present. j 

On this account gun-cott.on is often spoken of as trinitro- 1 
cellulose. By reason of this chemical substitution the cot- \ 
• ton changes as if by magic from the simple, safe material 
ordinarily known, to one of the most dangerous of explosives, 
rhua Mr. Abel, the chemist to the English War Depai-tment, 
ft-lio has made a aeries of most careful .studies of gun-cotton 
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])()\vi'r of gun-cotton to be more than fifty times that of gun- 
powder of equal weight. One of the greatest objections to 
the use of gun-cotton is found in the fact that, upon keeping, 
it undergoes of itself a steady decomposition resulting ulti- 
mately in dangerous explosions. This fact appears to be 
likely to prev(mt the substance coming into general use. 

Nitroglycerin. 

(Glycerin — produced at present in enormous quantities from 
fats and oils — is well known as a sweetish, oily and harmless 
substance. Glycerin is composed of carbon, hydrogen and 
oxygen in proportions but slightly different from those in 
cotton. Thus its formula is 

C3II.O3II,. 

If this bland and simple material is subjected to the action 
of concentrated nitric acid, it undergoes a change very 
si mi liar to that recognized in the case of cotton as just de- 
scribed. It then produces a compound called trinitroglycerin, 
which, while it ranks as one of the most powerful and use- 
ful explosives, it is also associated with a long list of horrible 
disasters produced by accidental, or in some cases intentional, 
explosions of it. 

Nitroglycerin is itself an oily material, and it was first con- 
siderably used in that form. The terrible accidents from 
transportation of the article have given rise to the adoption of 
two means for lessening the risks attending it. The first is 
the manufacture of the substance in suitable localities — that 
is, near to great public works in which it is to be employed. 
And, again, the factories are so arranged that the operations 
of the manufacture sliall be conducted in small buildings sur- 
rounded by earthworks sufficient to localize any explosion 
that might unhappily occur. 

At the manufactory of explosives at Ardeer, on the Scotch 
coast, about fifty miles from Glasgow, a most ingenious ad- 
ditional precaution is taken. Here each laborer, as he enters 
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the works in the morning, |>a!«GS into a cottage to chauge hi^s 
dreaa. He dona a uniform of a special and distinctive color 
— it may be ecarlct, or bright blue or white or gray, accord- 
ing to the department iu which he is ennployed, Thus the 
policemen who aro constantly on duty can deteut at once any 
t-mployii who strays into a department to which he does not 
belong and where his laclc of acquaintance with the processes 
might lead to a terrible acciilcnt. 

Another special device is the invention of Albert Nobel, 
who has been noted as the principal person by whose efforts 
nitroglycerin has been introduced into the 
important uses which it finds at the present 
day. This is the absorption of the liquid nitro- 
glycerin in some spongy material, such as will 
serve as a safe and proper vehicle for the ex- 
plosive. The substance thus employed is a kind 
of line silicioua earth called diatomaceous eai'th, 
also infusorial earth. This is a mineral material 
found in various parts of tlie world in somewhat 
abundant deposits. Upon examination by the 
microscope it ia found to be composed of the 
mineral skeletons of microscopic organisms. 
(See page 252.) This substance by virtue of 
ilH minute cellular texture seems to be admi- 
rably fitted to imbibe theliquid nitroglycerin, 
and assist in packing it in proper cartridges. 
The explosive produced by the combination 
^'" £""1,!^"""°"^ '* ^^^ ^"^ commonly known as dynamite.* 
A peculiarity of nitroglycerin and dynamite 
is that tliey cannot be fired in the ordinary fashion. That 
is, if a lighted match is brought to them they may take fire 
and burn with perfect quietness. For their explosion they 
demand some kind of violent blow. For this reason their 
cartridges have tu be pi-ovided with special exploders. Those 
are small cases of gunpowder, or, perhaps, fulminating mate- 
rials, which may be set on tire by means of a powder fuse oe- 

• Drnajnde la prouounietU rfiu'flm-ii. 
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I an electric current ; tlieii' explosion within the nitroglycerin 
I mass determlneB a violent shock to the latter. It is the con- 
[ cngsioa thus produced that is the appropriate means of ex- 
I ploding the nitroglycerin or dynamite cartridges. , 

While sad accidents with these materials have horrified 
I the whole world by their sudden and disastrous results, it is 
I too often forgotten that their gigantic forces are day by day 
jafely and quietly contributing to the execution of great pub- 
I lio works all over the earth. Thus, in the great rock tunnels 
I of Mont-Cenis and St. Gothard, which pierce the Alps, nitro- 
Iglycerin and dynamite have done the work of armies of men. 
lln the St. Gothard tunnel more than two million pounds of 
r^ynamite have been employed, and it has proved wonderfully 
(elt<iOtive in advancing most arduous subterranean work. 

Dynamite ^las been used with success by Arctic explorei's 
iD open passages in tlie ice. The following item, from a 
Irecent American Associated Press dispatch, shows a similar 
I application of thiii explosive : 
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Tpassed illustration niay be found in the destruc- 
tion of Flood Rock, in the swift and dangerous channel 
called Hell Gate, near Now York city. After the failure of 
many previous attempts to remove this obstruction, Gen. 
John Newton, of the TJ, S. Army, recommended explodingiti 
iter thoroughly tunneling it underneath. The preparatory 
'ork occupied seventeen years, that is, from 1888 to 1885. 
Finally the drill holes in the mine were supplied with their 
■tridges, more than 42,000 in number, and weighing over 
282,000 pounds ; and on October 10, 1885, the largest 
mass of explosives ever fired at once performed, its office in 
interests of commerce and industry, and Flood Rock 
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became a mere mas8 of debris, which will gradually be re- 
moved by dredging. 

Unquestionably, then, the principal use of dynamite is in 
the labors of peace. Still, nitroglycerin and dynamite have 
come into great prominence by reason of their use in naval 
warfare. Torpedoes of a great variety of forms are now con- 
structed so that a quick-moving launch may steam up to a 
large ship of war, place close to her side one of these danger- 
ous contrivances, and then quickly withdraw in time to avoid 
the effects of the explosion, which involves the great vessel 
in devastating ruins. Torpedoes charged with nitroglycerin 
or dynamite are also used for the defense of harbors, being 
sometimes placed in such a way that an enemy's ship, in 
crossing the line formed by the torpedoes, shall by that act 
explode one or more of them and produce her own destruction. 
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PHOSPHORUS. 

5|H0SPH0RU.S is a most interesting cliemical ele- 
ment. This is because of its exceptional chemical 
jiroperties, the very important jiart it |ilays in the 
chemistry of animal aiid vegetable life, and its 
ymeiit in the friction match, one of the most conven- 

jseful articles of human invention. 
jsphoiTiB appears to liave been first prepared in the 
y a Hamburg merchant named Brandt, who be- 
e fa.'fcinated with the study of alchemy and pursued his 
f experiments with the hope of repairing his broken fortunes 
I by the discovei-y of the philosopher's stone. The happy 

■ discovei7 of phosphorus, while it did not enrich him, at least 
I preserved his name in the annals of chemistry, Brandt pro- 

;ed it, by a laborious process, from certain animal matters. 

[ Kot withstanding the remarkable properties of the substance 

'and the extraordinarily useful purposes to which modern 

scientific knowledge has applied it and its compounds, phos- 

I phorus remained t'he merest toy for more than a hundred 

years. In 1T71 Scheele revealed to the world the fact that 

' it may be prepared from bone-ashes — that is from burnt bone 

—and this has ever since been found to be its most conven- 

Tlie name phosphorus is derived from two Greek words 

(0w?pAos, light, and, (jiepu phero, I bear) which suggest one 

of its marked properties ; namely, its power of continually 

affording light, even though not set on fire -ifter the manner 

. of ordinary illuminating materials. It is true the light is 

■ feeble, and chiefly noticeable in the dark. It is the same, in 
Biact, as that yielded in the dark by an ordinary friction 
I match when it is gently rubbed, but has not yet taken fire. 
1 This light, however, is the product of a true combustion, only 
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of a very slow one; and again this burning of phosphorus is 
initiated by heat, (though only a very moderate amount is 
required for it). Of course, for phosj)horus, much less heat 
is demanded than to set on fire our ordinary combustibles. 

Sources of Phosphorus. 

Pliosphorus, though very widely distributed in nature, is 
never found free or uncombined. This fact is distinctly 
referable to the ease with which the substance combines 
with oxygen ; if it were found free at any point on the sur- 
face of the earth where it suffered exposure to atmospheric 
air, it would of course quickly enter into combination with 
oxygen. 

Phosphorus exists occasionally in the earth in the state of 
combination in very hard rocky masses, of which the mineral 
known as apatite — composed mainly of calcic phosphate — 
is a good example. It is also present in small quantities in 
almost all soils; and in minute quantities in most natural 
waters, like river- water and sea- water. 

One of the most familiar substances containing phosphorus 
is the bony skeleton of the higher animals. Here also it 
exists as calcic phosphate. It exists also in the brain, 
though in a form of chemical combination not easily stated. 

Farther, it is a constituent of various portions of the vege- 
table structure, especially of seeds. 

Agricultural Uses of Phosphorus. 

The statements in the last two paragraphs have been pre- 
sented with the express [)urpose of calling attention to the 
important offices of phosphorus in connection with animal 
and vegetable life. Thus exact experinrients have shown 
that plants do not flourish in soils barren of phosphates, and 
that the mere addition of almost any soluble phosphate 
to an arid soil promptly stimulates the plant living upon 
it into more luxuriant growth. These facts have led to 
the introduction into commerce of artificial fertilizers con- 
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taining soluble phosphates as their principal ingredients ; and 
the manufacture of such fertilizers has continually expanded, 
until now it is conducted by the principal commercial nations 
on a truly gigantic scale. For the purpose of this manufact- 
ure iiuiies are particularly favorable because of their poros- 
ity. In fact, the surface of the world is ransacked to supjily 
this raw material. Thus from the deserts of Afric-a bones 
are conveyed as far as England to be manufactured into 
fertilizers; and so from the great western plains of the United 
States bones are brought to the eastern centres for a like use. 

The agricultural demand for phosphates of Home sort lias 
-become so imperious that even apatite is now largely used, 
notwithstanding the difficulties that its exceedingly hai-d 

id compact structure places in the way of the manufac- 
iurer. 

From the plant phosphorus finds its way, in the fonn of 
food, into the animal syntem. The living animal appreciates 
this essential ingredient, carefully selects it out from the 
food, and stores it up both in its brain and in its bony frame- 
work. This framework is exceedingly important as giving 
the requisite rigidity to the whole structure, Hie proper sup- 
port for the action of the various muscles, and protection for 
the Bolter organs. 

I Preparation of Phosphorus. 

\ Phosphorus itself is prepared by a process too complicated 
for the ordinary amateur chemist to repeat; indeed, its prcp- 
anition, even on the large scale, presents serious difficulties. 
These are associated with the great combustibility of the 
substance, which makes necessary extraordinary precautions 
against fire. Again, laborers in phosphorus works are sub' 
ject to a painful and incurable disease called phosphorus 
necrosis, which has a peculiar and destructive effect upon the 
bones of the jaw. Finally, the chemical changes involved 
give rise to such difficulties and complexities as force the 
manufacturer to unusual watcJi fulness*. In fact, it has been 
recently stated that there are scarcely more than two facto- 
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riea for phosphorus manufacture in the world- 
gland and one in France. 

The element phusphoruH, as ordinarily »uen, has much tha 
appearance oi wax. It haa a white or amber color, am' 
translDcent; it may be cut with a knife much as wax c 
li IB ordinarily sold in the form of cylinders of about halt' a 
^^^ iiicU in diameter. It is necessary to keep i 
^^K wuUT, for, aij already stated, if exposed to the air il ^'oulil 




buldlug luBlble ullof. 



,... _.. Ordlnarr p 

■- : II JB tbpn beHted ten or (welvd rjuvs. an < 
iliiHd by tbe two iRKi Jackets, one Inoluslnir mnd. Uie □ 



oxidize. This oxidation, at fii-st slow, increases in vigor from 
the heat afforded by the portions oxidized first. After a 
xliort exposure to air a stick of phosphorus spout an eounly 
Ijiii'sts into flame. Evidently, then, phosphorus should not 
be handled except under water. Cases are recorded of 
severe and even fatal burns— the result of handling phos- 
phorus in the air. ~ 

We may with propriety call attention here to 
peculiarity of phosphorus, which couBtitutes one of the t 
markable features of Ibis interesting element. About thirty 
five years ago a Vienna chemist, von ScUrotter, discovere 
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that when pliospijorus is heated for a considerable length of 
time, under conditions such that no gas is present which can 
act chemically upon it, it undergoes a marked change in its 
properties. Thus its color turns to red, and, strange to say, 
it loses altogether that ready uombustibility which is the 
moat striking characteratic of ordinary phosphorus. It may 
»=eeni incredible that any auuh change could in fact occur. 
But this red phosphorus has become an article of considerable 
importance in commerce, and it is a well-established fact that 
ordinary phosphorus may be turned into thts modification 
without aoy gaiu or loss of weight, and that, on the other 
band, this red pliospborus may be turned back again, by 
suitable processes, to the ordinary form, also without gain 
or loaa of weight. Phosphoros is not the only elementary 
substance that is capable of this kind of change. Indeed, 
the genera! tei-m allotropism has been applied to the tendency 
of elementary substances to undergo internal changes, by 
reason of which their chemical properties are temporarily 
modified without gain or loss of weight, and therefore inde- 
pendently of chemical combination or decomposition. (See 

j page 121.) 

' Chemical Properties of Phosphorus. 

The chemical properties of phosphorus are wide in their 
range— that is, it combines with many of the chemical 
elements. Tims it unites with hydrogen in several pro- 
portions, and thereby forms several compounds, called phos- 
phuretted hydrogen. As might be expected, they are all ex- 
ceedingly combustible ; one of them, in particular, takes fire 
at ordinary temperatures immediately upon coming in con- 
tact with the atmosphere. Its production affords opportunity 
for a beautiful experiment, though a somewhat dangerous one. 
When the gas is produced in a retort it may be made to 
bubble through water in the form of vapor in company with 
various other gases generated at the same time. Then, as it 
reaches the surface, it instantly takes fire, tbe phosphorus 
burning to a white, smoke-like substance wbicli usually floats 



' wo 



OBBmsTnr. 



away in forms Bimilar to those of eraokers' rings. Th^ 
emoke cousists of mtnuto particles of a solid, called phog- 
pliiirus pentoxide, and expressed by tlie formula P,0,. Thia 
\n evidently the product of the combustion of that phos- 
pliorus which is a part of the inflammable gas. The shape of 
the rings is due to a mere mechanical circnmatauce, and the 
Haute in effect as that afforded by the lips of the emoker while 
producing rings. Indeed, if a pa}ier box, having a round holea 
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on one aide, be filled with smoke of any kind, sharp blows 
upon the opposite side will drive out portions of the smoke 
in such a way as to produce similar rings. Such rings are 
often seen on a still day puffed out of the Kmnkestack of a 
locomotive, and they are sometimes produced by the dis- 
charge of a cannon in still air. The fact Is that in all these 
cases the portion of smoke producing a ring advances through 
the opening with a sudden impulse, the edge of the opening 
retarding those particles that pass nearest to it. Thus the 
delayed particles acquire a tendency backward and inwaid 
which starts them on the peculiar series of circular cours 
which in the grand aggregate gives rise to the rings. 
As has more than once been stated, phosphorus 
marked affinity for oxygen. Tl burns iu any vessel contaliifj 



ing air, combuiiiig willi oxygen in such a way as to readily 
L deprive the air of tbe eDtirij amount of this element contained ' 
I in it. 

The chemical change is represented by the following 
[ equation : 

P. + SO, = 2P1O, 

Pliospliorua, Os.vgoii, Pliospbonis penWJiiiie, 

134 161) i&i 
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When the operation ia perfoi-med in a tall jar the oxide 
of phosphorus produced falls as abundaiit flakes having a 
anow-like consistency. When these flakes are thrown upon 
water they chemically combine with the water, affording 
much heat and producing a hissing sound wliich is the. 
evidence of it. The liquid now acquires a sour taste, refer- 
r able to the fact that phosphoric acid has been produced. 

The chemical change is represented by the following 
r equation : 

P.O. 4- 3H,0 = 2H,PO. 



PhoHphoi 



i penloiide, 



Fliosphor 



Phosphoric acid is the starting-point of an ii 

w>f salts called phosphates. One of these, calcic phosphate, we 

e already referred to as existing in bones and in apatite. 



Friction Matches. 

The earliest method of producing flame appears to have 
I by the friction of pieces of dry wood in contact with 
Idry leaves or similar combustible substances. This method 

ivelers have found to be still in use among tribes of a low 
■stage of development. The next method seems to have been 
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by the use of flint and steel and tinder. When the flint ii 
Nharply struck against the steel it tears off minute particles 
<ir the meial, and these fragments are heated to the luminous 
point by the violence of the stroke ; if they are made to fall 
>i|>on the tinder this easily combustible material takes Are; 
from its burning a candle or lamp may he lighted. But the 
flint and steel and tinder muet be dry and in good order, to 
produce the best results ; even then considerable skill is de- 
manded. So it is easy to see that mankind has often pre- 
ferred to preserve ajlame once lighted, and then communicate 
this to another and another from time to time, rather than to 
tjo to the trouble of exciting a new combustion when tire was 
needed. And it is easy to appreciate the usefulness to iti^ 
possessor of a flame once kindled — and the serious incon- 
venience resulting from its extinction. Thus we can readily 
com[>rehend how some nations have adopted (ire as a deity 
be worshiped, and considered it worthy to be preserved con.^ 
tinuously unextinguished, and to be guarded with religii 

The flint and steel method has ample illustration as 
principle, not only in familiar cases like sparks fro 
horse's hoof, but also in many processes in factorii 
machine-shops. Here it is well known that the grindstont 
used for finishing articles of iron and steel send off from their 
work an uninterrupted current of minute chips of the hot 
and luminous metal. 

This method of obtaining fire held its own until about 
sixty years ago. In 1829 a kind of chemical match was de- 
vised, and soon after, in 1832, a true friction match containing 
phosphorus was brought into use. The principles upon which 
the phosphorus match depends are but very slightly different 
from those involved in the use of the flint and steel. Thus in 
the ordinary friction match the rubbing upon the rough sur- 
face is a mechanical process which generates heat, just as any 
blow or any fi-iction does. In the case in question the 
amount of heat is small, but it is suflicient to set 
small amount of phosphorus on the tip of the 






I phosphorus sets on fire the sulphur which coata over tlie end 
of the match ; the Bulphuv in buvning tteta on fire the wood 
of the match, aud here the combusiion has reached a stage at 
which it is easily communicated to larger masses of material. 
In the finer kinds of wooden matches, in order to avoid thf 
objectionable smell of burning sulphur, this latter Buhstauce 
is sometimes replaced by a thin coating of wax upon the end 
of the stick. In this case other chemicals are added to the 
tip of the match, in order to make the combustion more 
active. 

Friction matches of the ordinary kind are now so abundant 
and familiar every-where that the exceeding usefulness, con- 
venience and importance of the match as a device or in- 
vention ia apt to be overlooked. It is not intended to dwell 
here upon this subject, however, for perhaps what has been 
said of the appliances for lighting used in the past, renders 
unnecessary further presentation of the principles utilized in 
the little tapers of to-day. 
As an article of manufacture the individual match ia so 
, small that it is not easy at first to appreciate the greatness 
tef the commercial interest it represents. Thus it is estimated 
Ethat in Europe alone fifty thousand persons are constantly 
mployed in the manufacture of the various kinds of matches. 
■Again, though the amount of phosphorus used in each match 
■is very minute, its sum total is no less than a thousand tons 
fa year. The value of the annual product of this industry is 
not far from fifty millions of dollars. 

If there were introduced here an account describing at 
length the manufacture of the friction match — commencing 
at.the beginning, with the special kind of wood employed and 
the processes lised for its subdivision into the requisite frag- 
ments, continuing even so as to explain the various contriv- 
ances for packing the finished product — that description 
might be of interest ; but the special topic aeems to be more 
properly the preparation and application of the material at 
I the tip of the match. The sticks having been prepared, 
■ they are placed, by machine, in frames capable of containing 
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large numbers of them. They are first fiilpbtired — ^tbat 
llieir cDd8 are dipped in melted sulphur und it is allowed te 
harden upon them. For the liner grade of matches, however, 
the sulphur must be dispensed with, and instead the sticks 
are dipped into melted wax. 

In any case, they are next tipped with the highly inflai 
mable material, this process being called chemicking. 
inflammable paste is prepared in Inrge quantities by mixing 
the ]>roper ingredients in a kettle surrounded by boiling 
water. First, a solution of an appropriate gum or glue is 
made. When it has attained a proper consistency, the 
phosphorus is introduced little by little. The whole mass is 
then slowly but thoroughly agitated with a wooden stirrer 
until the phosphorus is diffused through the mass. Finally, 
other ingredients, sucli as potassic nitrate or binoxide of lead 
or manganese dioxide, which favor combustion, are added 
and certain coloring matters, such as Prussian blue 
milion, are introduced. Here is a German recipe for making 
this paste : 

Gum, 16 parla. 

PhoBpliorus, 9 parta. 

PotaBaie nitrate, U piirla. 

UangHiiese dioiide, IG purts. 

As has already been intimated, all of these substances, 
except the phosphorus, may be replaced by others, according 
t« the style of the article to be manufactnred or the views of 
the maker. The process of chemicking consists in dipping 
the Hulphurcd ends into the inflammable paste, which for this 
purpose is spread out on a, stone slab. Finally, the tips are 
coated over with a thin varnish to protect them from absorp- 
tion of moisture. 

At present the manufacture of friction matches is carried 
on to a very large extent in Sweden, and that country, it is 
now stated, produces about seventy-five per cent, of all the 
matches made in the world. In Sweden, too, are largely 
manufactured what are called safety matches. The safety 
matthes are lipped with a composition of poiassic chlorat 
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potaasic dichroraate, red oxide of lead, and sulphide of anti- 
mony. Under ordinary circumstances friction will not set 
1 these matches on fire. In lighting, tliey must ho rubhed on 
' a prepared surface which contains principally red phosphorus 
and sulphide of antimony. When the match is rubhed upon 
this surface, the postassic chlorate of the match and the red 
phosphorus of the friction -surface start a chemical combi- 
nation which extends to the other materials on the tip of 
the match. Safety matches, then, involve an invention 
which in accomplishing its purpose affords a twofold advan- 




I tage. In the hrst plicc, as the mitch lights only on the pre- 

I pared surfitc the dinger of conflagrations from -iccidental 

L ignition of them is \eiy largely reduced This tostly feature 

I of the ordinary phosphorus match would be largely, if not 

tentirely, done away with by general use of the safety match. 

I tn the second place, the use of red phosphorus has the advan- 

e of saving human lives. Thus it spares the operativ 

employed in this business the liability to the phosphorus 

disease already mentioned. Again, ordinary phosphorus is 

very poisonous; in fact the tips of matches containing this 

L Bahstance have not only often produced the death of children 
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who have tasted them, but such matches have occasionally 
been used in cases of intentional suicide. Of course, as safety 
matches contain no phosphorus, these forms of poisoning 
cannot arise from them. 

A flame of fire, as a visible and tangible thing, has in all 
ages been accepted as a symbol which appropriately typifies 
enlightenment of the mind and soul. This favorite and 
beautiful figure loses none of its fitness when narrowed in its 
application to the aspects of these subjects in their peculiarly 
modern forms. For in the friction match, whose cheapness 
brings it to the hand of every human being, however low his 
degree, we may discover the type of that opportunity for en- 
lightenment offered to individuals whose circumstances seem 
most humble and even forbidding. The one is the invention 
of modern science; the other the gift of modern laws, of 
modern theories of the rights of men, of modem schools, 
libraries, and newspapers, of the modern printing-press, 
telegraph, and railroad. 
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CARBON. 

IJARBON exists in nature in a multitude of forms. 
It is rarely found in the absolutely pure and un- 
combined condition, though certain well-known 
substances possess it in large quantity. 



Ordinary Charcoal. 

Probably the moat familiar and repreBentative form of 
carbon is that known as charcoal. But charcoal is rarely free 
from other chemical dements, and a diatioction oaght to be 

f 

^^K made between it and the absoilntely pure form of carbon. 

I Charcoal is produced by the partial decomposition of vegeta- 

ble or animal substances under the influence of heat. Thus 
charcoal is commonly prepared by piling wood into a conical 
, then covering it with earth and sods, and finally set- 
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ting it on tire within. Certain portions of the wood arc thus 
ImrtiL'J, while others are only chan'ed. The wood is deeom- 
(lOBdd by the heat to which it is subjected ; volatile materials 
generated by this decomposition are expelled, whUe tbere is 
left behind a solid matter consisting mainly of carbon, and 
called charcoal. 




Animal Charcoal. 

The same general treatment of certain animal ] 
such as waste leather, gives rise to a finer kind of c 
called animal charcoal. 

Again, when bones are partly burned they produ< 
is called bone^oal. The mineral matter of the bone u 
goes no change by the heat ; bat the gelatinous mattei 
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ber prepared for it, where the sooty materiiil <'ollects on 
r and walls. It is afterward scraped up and pm into 
1 ]iackages fur commercial distributiou. In the English 
1 method of manufacture of lamp-black the smoke is made to 
s through a series of heavy c-aovaa bags. From openiugs J 
he bottoms of the bags the soot is afterward drawn out J 
I for packuig. 

Coal 

Aollnante toal and bituminous cual aie both \i lU known 
compound^ of lubon AnthnLite -eemi t > be ikinel fciira I 
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■bituminuDH coal ichich has been subjected in the earth to ' 
l^ieat and pressure under conditions favorable to the expulsic 
of some of the more volatile constituents of the original 
bitiimiuous coal. Both of these combustibles, when care- 
. fnlly studied, show dislinct evidences of their vegetable 

Plainly they are accumulated masses of the remains i 
P'Of El rauk vegetation which flourished in an earlier period in f 
I the geological histoiy of our globe. Careful observations 
f made in the mines have revealed in the coal the existence 
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trunks of trees, branches, leaves, fruits, in various oonditionB 
from the one extreme of comparatively perfect preseryation, 
to the other extreme in which the mineral preserves a mere 
impression of the original vegetable matter. These remainB 
liavc made it possible to construct a complete botany of this 
])erio<l of geological liistory ; and with but a moderate aid of 
the imagination artists have been able to produce ideal land- 
scapes representing these early forms of vegetable life as 
tliey flourished in the ancient ages. 

Graphite. 

Closely allied to anthracite coal is that valuable material 
called graphite. This a very compact and comparatively 
pure form of carbon. It is familiarly known to eveiy one in 
I lie black material used in lead -pencils. Graphite is com- 
monly called black lead, though it is a well-established fact 
that it contains none of the metal properly called lead. 
Strangely enough, graphite is remarkably incombustible 
under all ordinary circumstances. It is also — like other 
forms of carbon — infusible even at the highest temperatures 
known. On account of these properties graphite finds use, 
though it must be deemed a somewhat anomalous one, in the 
manufacture of crucibles. When the precious metals are 
fused in such a crucible, at a high temperature in a glowing 
furnace, an interesting paradox is furnished. It is this : the 
coal — freely burning in the fire, and so furnishing the intense 
heat desired — is fundamentally of precisely the same chemi- 
cal nature as the giaphite of the crucible, which resists the 
lieat and combustion, and, while allowing the metals to melt, 
preserves them. 

The Diamond. 

The diamond is nearly pure carbon, crystallized. Perhaps 
it is not too much to say that it is the most striking and 
wonderful of all the forms of this interesting element. The 
costliness of the diamond is referable largely to its great 
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rarity ; for it is found in comparatively few portions of tlM 
earth. 

The ancient Gieeks and Romans highly prized the i 
and precious crystal, which they obtained from India, and I 
waa worn by ibem not only betaiise of its costliueas a 
beauty, but also because they bcljtivcd that it served n: 




potent tharm against alarms and enchantments; more im 
porta,ut yet, they ascribed to it the power of preserving the^ 
peace and harmony of the family circle. Upon this point a 
French writer has wittily siiiil ; "Cette derniere vertu, je 
crois qii'il la possfede encore qnand le mari est asaez i" 
pour ai^heter le bijon que sa femme aml)itionne de porter IT 
Tile East ludics, the Brazils and the Cape of Good Hon 
may be said to be the principal sourcea of this gem. In Brtl 
zil ihe search for (liamondsissysteiT'a.tiaally conducted. 
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diamond-bearing soils are carefully pulverized in vessels of 
water, under the direction of experienced inspectors. The 
work is done by slaves who prosecute their search under the 
stimulus of the well-understood rule that he who finds a 
diamond weighing seventeen and one half carats, or more, 
publicly receives his freedom as a reward. Notwithstanding 
the systematic labor applied to the search for these gems, and 
the fascination naturally attending undertakings of this sort, 
the wealth of Brazil is derived to a vastly greater extent 
jfrom its agricultural products than from its mines. Thus it 
is stated that from 1740 to 1822, a period of more than 
eighty years, the diamond mines yielded but little more than 
$17,000,000. On the other hand, the value of coffee exported 
in a single year has sometimes been double or even more 
than double this amount. Thus in the year 1859 the coffee 
exported was valued at above $28,000,000 ; and in 1873 the 
quantity of this article exported was valued at above 
$60,000,000. 

In 1728 diamonds were discovered in Brazil, and until re- 
cently this has been the chief source of them. But in 1868 
a child at play on the banks of the Orange River, in South 
Africa, picked up an attractive pebble which proved upon 
examination to be a diamond of twenty-one and one quarter 
carats. This accidental discovery has led to the most im- 
portant results; for the South African mines of the great 
Kimberly district have since yielded, in the aggregate, 
diamonds valued, after cutting, at about five hundred mill- 
ions of dollars. 

The larger gems are always exceedingly rare. On this 
account the money value of diamonds increases in a far more 
rapid ratio than the weight. 

The Cutting of Diamonds. 

The cutting of diamonds as an art has been known for but 
a few centuries, and the perfection with which it is at present 
conducted is of much more recent date. Of course the proc- 
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es3 U ail extremely delicate aud imporlant one, because it 
involves splitting off portions of the gem bo aa to reduce it 
to the exact geometrical shape previously decided upon. 
That form called the briUiiatt is the one most often produced 
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at the present day. The business of cutting diamonds liaa 
been for a long time concentrated in the city of Amsterdam, 
in Holland. Here, among a Jewish population of twenty- 
eight thousand persons, ten thousand are employed exclu- 
ly in working on diamonds. In many cases diamonds are 
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subject to a very large relative Iobs of weight i>y the process 
of cutting. Thus the Koh-i-noor, when brought, from India 
33 a gift from the East India Company to the English Crown, 
was in a rough state and weighed one hundred aud eighty- 
Bix carats: it was afterward cut iu Amsterdam; it suffered a 




loss of weight variously stated at from eighty to one hundred 
carats. After the first trimming the gem ia carefully jio!- 
ished by nibbing it gently against a revolving plate upon 
which is a mixture of oil and diamond dust. 

Up to the close of the last century the nature and compo- 
sition of the di.imond had been .1 subject of interesting 
discussion among students ut natural science. At the period 
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mentioned, however, the qaestion was settled by LAToisier 
anil other Bcienlific inveatigatont, who clearly proved that 
the diamond nnderwent complete combustion in oxygen and 
that a.« a result farljori dioKiile gas was generated. 




Infusibility of Carbon. 

Carbon differs from most solid cmbstiinfefi in the fact that 
it is infusible at Ihe highest temperature to which it has yet 
been subjected. And since in the elementary i'oi-m it has not 
been changed to the liqnid state, much less has it been 
brought to the gaseous condition. Indeed this stability and 
fixedness of carbon is one of its most valuable attributes. 
Thus this chavactei'istie is a principal one that rendera it 
specially appropriate for use in the points employed in 
electric lighting. It is true these pencils slowly burn away. 
But some combustion ought to be expected when it is re- 
membered that the electric current, flowing from one pencil 
to the other, affords an intense heat as well as brilllaiit 
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light. But it is a general law that Bubataiices give out l\w 
most intensely brilliant white light when they neither liquefy 
nor volatilize, and to this prineiplc — exemplified both by the 
carbon pencila of the so-called are light and by the delicalu 




thread-like carbon loops of the incandescent electric light — 
must be referred not only the brilliancy of the electric 
light, but also in fact the light produced by most of our 
illuminating materials. 
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Decolorizing Power of Carbon. 
Carbon, whether in the form oi wood charcoal, animal 
charcoal, or bone-coal, has a wonderful power of decolor- 
izing liquids. Even more compact carbonaceous matter, such 
as anthracite coal, possesses this same property, though, as 
might be expected, to a lawh 
int'enor degree. Thus if a 
colored solution is etrainefl 
through a considerable quan- 
tity of one of these forms of 
carbon, the latter substance 
absorbs the coloring matter 
and the liquid passes through 
[practically colorless. On ac- 
count of this wonderful pow- 
er bone-coal is used in the 
arts in ononnous quantity ill- 
many processes where 
uids must be decolorize^ 
The sugar refining industf 
affords a prominent exampB 
upon this point.. Here e 
mous quantities of bone co^ 
are used for the purpose o 
whitening the syrups befort 
ciystallizing the sugar^ 

Charcoal has also a similar, 
and yet more striking, prop- 
erty of absorbing offensive 
gases. Thus tainted me.l^ 
packed in freshly-burned charcoal quickly loses its odoi 
which is absorbed by the coal — and the meat then becom 
sweet and wholesome. 

Chemical Properties of Carbon. 

The chemical properties of carbon are by no me. 
wonderful than the characteristics already referred to. It IB 
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very inert at low temperatures ; but at high temperatures 
it manifests chemical activities of extraordinary vigor. Thus 
at high temperatures carbon withdraws oxygen from almost 
every other element known, in this way manifcBting chemical 
force superior to that possessed by any of them. 

Other Natural Forms of Carbon. 

In addition to the well-known forma of matter containing 
carbon, and already described, there are yet many others. 

Thus it is found in the at- 
mosphere, as has already been 
ixplained, in the form of car- 

in dioxide. This gas cxislM 

the air in small relative pro- 

irtions, but in enormous ag- 
igate amount. 

As a natural carbonaceous 
substance, petroleum, too, 
ought not lo be forgotten. 
This wonderful and useful 
substance, stored up beneath 
the surface of the earth in 
incredibly large quantities, 
owes its chief value to its 
I wealth of carbon. It iscom- 
I'posed of carbon and hydro- 
gen, but the former is the \ 
constituent to which is refer- 
able the beautiful light it 
affords. 

In some petroleum-producing n 
;y of Pittsburg, Pa., the earth contains pockets of gaseous 
hydrocarbons. These pockets have been pierced by boring 
implements, and the gas, which eomes out under a tremendous 
pressure, is now utilized not only for domestic heating, but 
also in the great manufacturing establiahmentB of that vi- 
ronity. 
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I AgiiiHj the marble and the limestones of the globe eonlain 
enornroiis quaDlities of carbon. These minerals consist 
principally of calcic carbonate (Ca CO,} ; and the carbon 
makes up about one eighth of this aubstance. Since some 
whole mountain chains consist chiefly of limestone or marble 
it is plain that the total amount of carbon in these forms 
must be very large. 

arbon in Animal and Vegetable Substances. 

ith few exceptions, all animal and vegetable mailers 
contain carbon, which indeed appears to perform its most im- 
portant offices in connection with the kingdoma of Ufa Thus 
it has been called the characteristic element of animal and 
vegetable compounds. So vast is the variety of theee com- 
pounds already reeogoized that it is hardly conceivable that 
man can ever be able to acquire an acqnaintance with all 
those as yet undetected. 
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Chapter XXV. 
COMPOUNDS OF CARBON AND OXYGEN. 

gillLE compounds of citrbou and hydrogen are very 

iiiimerouB, those already known being numbered 

by hundreds, the aflinttits of oxygen and carbon 

give rise to u Btrikingly different result. 

When uombhied with oxygen alone, carbon forma but two 

compounds. These are expressed by the following names 

and formulas : 

Carbon moiioiide, CO. Carbon dioiide, CO,. 

Carbon Monoxide (CO). I 

This gas is most familiarly known as that one which ofteo 
plays upon the surface of a hard coal fire and burns there 
with a dark blue, feebly luminous, flame. Most of the phe- 
nomena of its production and final burning may be presented 
as follows : When an ordinary coal fire, burning in a stove, 
is amply supplied with air at the bottom, the oxygen of the 
air burns the lower portions of carbon into carbon dioxide. 
Kext, this carbon dioxide is can-ied up, by the drafl, between 
any masses of fresh coal that may be upon the top of the 
fire. This fresh coal has itself affinity for oxygen under the 
circumstances just described as prevailing. As a result, each 
molecule of carbon dioxide from the lower portion of the 
fire yields one of its atoms of oxygen to an atom of carbon 
in the upper part. 

The chemical change is represented by the following equa- 
tion ; 

CO, + C = 2CO 



Carbon dioxide, 
porta by weiehl. 



Ca rbon, 



Carbon motinxlde, 

56 

parti V ■relsbt- 
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As a result, therefore, carbon monoxide ia formed, and es- 
capes as a colorless gas from the top of ihe fuel ; there, if | 
the upper door of the stove admits a BuDicient amount of air, 
the t;arbon monoxide combinea with the oxygen of this air, 
and burns with the blue flame already referred to, and so 
jii-oduces carbon dioxide agaiu. 

'"his chemical change is represented by the following ' 
' equation : 



2CO + O, 

CarbOD mouoiide, (liygen, 



2CO, 

CarboQ dioxide, 



I 



The carbon monoxide its a very poisonous gas, far more in- 
[ jurious to health than carbon dioxide. 

Carbon Dioxide (CO,). 

This substance and its manner of production have been 
referred to more than once in preceding chaiiters, A some- 
what more extended notice of it, however, is appropriate to 
this place. 

It has already been stated that carbon dioxide exists ready- 
formed in nature— notably in the atmospheric air. Its prin- 
cipal natural source in the atmosphere is the combustion of 
fuel ; for almost all fuel is carbonaceous. Thus coal, wood, 
oil, illuminating gases, are all highly carbonaceous substances, 
and one of the principal products of their combustion is the 
gas now under consideration. 

As has already been described, the respiration of animals 
is closely connected with a real combustion in the living 
being. It is true that this sort of combustion is not attended 
by the evolution of light ; it is productive of heat, neverthe- 
less, and the heat afforded by respiration is an important f ac- 
the sustenance of animal existence. For this heat not 
the living being to endure the chilling effects of 
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the winler's cold ; it also keeps the temperalui-e of the in- 
ternal organs ap to that point wliich is necessary for the 
proper performance of certain animal functions — of whicli 
'ligestion is a most important example. Kow by this com- 
bustion carbon dioxide is generated just as truly as would be 




l/ie case if the flesh of the living animal were consumed in < 
glowing fire. The product of respiratory combustion ii 
same carbon dioxide as that recognized in well-defined burn- 
ings. The quantities of carbon dioxide evolved by man 
and certain of the domestic animals, in each hour of their 
existence, have been calculated. They are approximately^ 
stated in the following table ; 



DOMPOmUS OP OARBOS AXD OSYBBS. 

A man exhales i gallous carbon dioxide per lioiir. . 

A dog " 4i " " _ ' 

A horee " 60 " •' " " " 



And M. Boussingault has calculated tfaat the approximate 
I amount of carbon dioxiile produced in tlie city of Paris dur- 
t ing a single twenty-four hours is ag follows : 

Amoimt produced by livJDg animals 66,000,000 cubic feet. 

Amount produced by burning of Tarioua kinds 

ofTuei 27,000,000 cubicfaot. 



TdihI COb produced in twentj-fc 



rs, 82,000,000 cubic feet. 



There are certain other natural sources of carbon dioxiile 
that are worthy of paesing mention. Thus in many parts of 
the world the gas is continually evolved not only from aciive 
voleanoes, but also from extinct ones, Again, another inter- 

Iesting source — ^though not in the aggregate a very impor- 
%aai one— is found in natural mineral springs. In these the 
vater often eomes to the surface highly charged with carbon 
dioxide, an<l the gas, escaping into the air, imparts to the 
Water its well-known bubbling appearance. (See pp. 139, 142.) 
l:n 
cal 
g« 



Experiments with Carbon Dioxide. 

For chemical purposes carbon dioxide is commonly pro- 
Kiduced by the action of an acid upon some one of the salts 
f'known as carbonates. Accordingly hydrochloric acid and 
1 calcic carbonate (that is, common marble) when brought to- 
gether produce carbon dioxide. This fact may be readily 
shown by the performance of a simple but interesting ex- 
periment. The operation may also serve for the display of 
some of the principal properties of the gas. 

The experiment in question may he conducted advantage- 
ously somewhat as follows : Provide two convenient ^ 
I. Jars — such as candy jars or preserve jars; also a short candle, 
\ a piece of copper wire, a bottle of hydrochloric acid and some 
J of white marble. Now attach the candle to the 
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wire and after lighting the former let it down into tlie jai*s, 
still burning. The combustion continues because the jars are 
full of air and contain ample quantities of oxygen. Next 
withdraw the candle and extinguish it for a moment. Now 
place in the bottom of the larger jar some hydrochloric acitl 
and into it gently drop some of the fragments of marble. 
Effervescence immediately commences. A careful examina- 
tion of effervescence shows that in this, as in other cases, the 
process consists in the evolution of a gas from a liquid. In 
the case in question a colorless gas is plainly evolved, and 
this gas is carbon dioxide. 

The chemical change is represented by the following 
equation : 

CaCO, + 2HCI = COa + CaCl, + HsO 

One molecule of Two moleculea of One molecule of Oae molecule of One molecule of 

Calcic carbon- Hydrochloric Carbon Calcic Water, 

ate, acid, dioxide, chloride, 

100 73 44 111 18 

parts by weight. parts by weight. parte by weight. parts by weight. parts by weight. 
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After allowing the effervescence to continue for five or 
ten minutes, relight the candle and again lower it into the 
jar now containing carbon dioxide. If a sufficient quantity 
of the gas is present, the light will be promptly extinguished 
when the wick passes below the surface of the gas. The ex- 
periment displays at this stage the additional fact that the 
carbon dioxide is heavy, and in filling the jar it does so from 
the bottom upward. Now relight the candle and immerse it 
in the second jar ; this is proved to contain air by the fact 
that the candle continues to burn. While it is still quietly 
burning there, pour gently upon it the carbon diolxide accu- 
mulated in the other jar. If the amount of this gas is large 
enough, it will fill the jar containing the lighted candle and 
so will readily extinguish the latter. 

These experiments demonstrate simply and clearly, certain 
of the most important properties of carbon dioxide. Its 
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;«ctioii in extinguishing flame ia to quench il, very much as 
'ater would. When the candle dips beneath the surface of 
le carbon dioxiiie, the flame expires simply from lack of that 

iboiygen of the air which ordinarily supports the combustion, 
Aud this leads very naturally to the additional statement that, 
in similar fashion, living beings are drowned if immersed - 
in carbon dioxide. For just as water prevents the access 
of air to tlie lungs, and then drowning ensues, so when the 
animal is beneath the surface of carbon dioxide he dies 
because the heavy gas acts as an effectual barrier to the 
access of air. 

Effervescing: Beverages. 

A large quantity of carbon dioxide taken into the lungs is 
promptly fatal to animal life ; even a small increase of that 
the atmospheric air breathed, produces a marked low- 
ering of the vitality. It is an interesting fact, however, that 
when this gas is taken into the stomach, especially in its 
lution in water, it has a wholesome and stimulating effect. 
When carbon dioxide is dissolved in water it seems to pro- 
dace a true acid, though an unstable one. In accordance 
j"with the present nomenclature, this acid is called carbonic 
:acid and is represented by formula H,CO,. This substance 
is present as the main constituent, or as a subordinate one, 
in certain natural mineral waters, and in many simple effer- 
vescent beverages. Thus plain soda-water is merely a ao- 
of carbon dioxide in water. Such solutions are now 
toanafactured on a large scale, and by mechanical appliances 
filled into siphon-like bottles in such a way that small 
'■quantities of the liquid may be withdrawn without loss of the 
priDcipal stock of gas. 




Chai-ter XXVI. 
ORGANIC CHEMISTRY. 

■ IIEMISTS lony ago rtsiogniziid rertaiii differei 
liL'twt-uii the substances found in distinctly 
iiial and vegetable matters, on tliu one hand, and 
tlie substances found in mineral miitlei's, on the 
oilier; between those thing-a which constitute organisms 
like animals and plants, as compared with those of non-living 
siibstanoea like clay, iron-rust, ahim, saltpetre, etc. 

Animal matters and vegetable matters are the products of 
bodies possessing organs. Organs are parts having spei 
functions. Thus the stomat^h is an organ posseasi 
function of digestion, and the lungs are organs possessing 
function of respiration. Again, the leaves, the flowers, 
Reeds, the roots, of plants, arc separate organs, and they 
possess special and very different functions of the living 
vegetable to which they belong. Accordingly, suhstaneet 
derived from veffelables and animals are called organic. 
Non-living objects, as rocks and other mineral and earthy 
substances, do not possess organs, and they have long bei 
called inorganic. 

This division of matters into organic and inorganic was fc 
merly thought an essential one ; it is not now considered 
It is now known that the chemical changes of living animaU 
and plants are governed by the same laws as those prevailing 
in the changes of rocks and other lifeless forms of matter. 
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Grounds for Dividing Chemistry into Two Great 1 
Departments. 

Chemistry is still, however, commonly divided into the tw; 
great departments — inorganic chemistry and organic cbem 
try ; but this division is recognized as a matter of c(g 
e mainly. 
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Three reaaoua which may be mentiotiL'il, why the dis- 
\ tinution ia still maintained, are : 

First. The number of orgauic oompounda is very great. 

Heconil. These compounds perform varied and important 

tltitsea in eonnection with human beings in their growth and 

i nourishment in health, and in tlieir treatment in illness. The 

impoi'tance which they assume is increased by the relations of 

f tlie lower animals and the individuals of the vegetable kiug- 

f dom to man. 

Third. As will appear hereafter, the processes of analysis 
I and methods of investigation in organic compounds are 
[ slightly different, as a whole, f I'om those that serve lor tlie 
T study of inorganic. 

Definition of Organic Chemistry. 

The inorganic and the organic worlds are, however, so 
closely allied in some respects, and certain of tiie substances 
of the one have such close and natural affiliations with 
those of the other, that indeed it ia often found difficult to 
determine where shall be placed the line of demarkation 
between these two great natural groups. In fact, chemists 
have not found the definition incidentally introduced in the 
preceding paragraph sufficiently distinct. To make it more 
so, organic chemistry has been sometimes called tfie chemia- 
try of the carbon compounds. It has sometimes been called 
the chemistry of the hydrocarbons. Again, the following still 

' more rigid and scientilic statement is often employed : 
organic chemistry includes those compounds in which the 

I atoms of carbon are directly united either with other atoms of 
'arbon, or with atoms of hydrogen, orioith atoms of nitrogen. 

Two Classes of Organic Compounds. 

There is one distinction between the classes of organic 

L compounds themaelvea that ought not to be omitted here. 

I The members of the organic family differ very much in their 

■operties, according as they are crystalline or c^ular, 

ICryatalline organic compounds, of which cane sugar may be 
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taken as a familiar and suitable example, are numerous. 
These compounds are closely allied in some respects to inor- 
ganic compounds. They do not seem to have so close a re- 
lation to the vital processes as might at first be supposed. 
But those organic compounds that are cellular, such, for ex- 
ample, as the fibre of wood and the fibre of lean meat, are 
much removed from inorganic bodies, and seem to bear a 
peculiar and close relation to the vital forces. 

The Great Number of Organic Compounds. 

The vast number of organic compounds is referable to at 
least four fundamental principles : 

First, The chief element, carbon, has a large number of 
points of attraction — that is, four; on this account it is capable 
of attaching to itself by chemical aflinity many other atoms. 

Second. Carbon atoms are capable of uniting together in 
chains of great length and variety of arrangement. Two 
methods of arrangement are especially noteworthy ; the one 
method is that where the chains are open — that is, not at- 
tached at the ends. The other arrangement is that where 
the chains are closed, the series of atoms of carbon making 
a circuit. An appropriate example of this style of union is 
found in the benzol ring or the benzol hexagon. 

The open chain may be conveniently represented by the 
left-hand diagram below, and the closed chain, the benzol 
ring, is often represented by the right-hand diagram below. 

— C— C 

-A- ''^ 

h I II 

c 
I 

Third, One of the most interesting and important features 
of organic compounds is that in them certain elements may 



stay together for a considerable time in comparatively pei'- 
manent groups whieh act like elemeuts. Such groups of 
atoms are called compound radicles. 

Jrhiirth. It is now distinctly recognized that a given orgauid 
compound, possessing a certain distinct set of properties, may 
iiave its atoms undergo a reiirranffement without any inci-ease 
in the number of them or any change in their kinds or rela- 
tive proportions. 

Some organic substances have molecules capable of several 
different rearrangements, such that different compounds may 
be produced. Thus Professor Cayley has computed that a 
compound of the parafBn group containing four carbon atoms 
is capable of two rearrangements within the molecule ; but a 
compound of this group containing thirteen carbon atoms is 
capable of as many aa seven hundred and ninety-nine dif- 
ferent rearrangements of its atoms.* This property of or- 
ganic compounds is called iso7}ierism. 






I Organic Radicles Act like Elements. 

It has already been pointed out that the seventy recognized 
elements are capable of interaction and combination to pro- 
duce a vast number of compounds. 

Now the compound i-adiclea of organic chemistry, espe- 
cially the hydrocarbons, act like so many more elements, 
and, being themselves far more numerous than the true 
elements, these compound radicles afford the material which 

ly be combined ioto yet larger numbei-s of substances than 
lized among inorganic matter. 

The inorganic componnde have been arranged in a certain 
order in accordance with their natural affiliations, and though 
when such arrangement is made some gaps appear, these 
gaps are of great service in that they suggest that many 
more compounds than those yet recognined or described may 
be hereafter produced. 
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'J'o the organic compoundB the Eame etatemeDt may be 
applied. Gaps in their list point out an avenue for future 
discovery in organic chemistry. 

Organic Compounds Classified. 

The difficulty of claBsifyiiig organic compounds ia of courae 
very great. This is d\ie,Jir8t, to their great number; second, 
to the many relationships of one and the same substance; 
third, to the relative imperfection of our acquaintance with 
the most of them. Those substances with which chemists 
are be^^t acquainted are arranged for discussion in many dif- 
ferent ways. The following outlines will serve to indicate 
the form in which the subject is briefly presented in this 
chapter : 

IFXrst. — The great group of suhstanceE derived from marsh 
gas, and called, in general, the open-chains or para_ffin or 
fatty series. 

Second. — ^The great group of substances derived most di- 
rectly from benzol, and called in general the closed-chain or 
uromattc aeries. 

Third. — Other less easily classified vegetable mattera. 

Fourth. — Other less easily classified animal matters, 

Sub-Chapter I.— The Fatty Series. 
This great group includes many compounds of both practi- 
cal and theoretical interest. They are best understood by a 
tabular statement based on what is called type-compounds. 
This may be presented as follows (these types moreover 
serve also for the aromatic series, with slight modifications), 



Types of Organic Compounds. 
1st Type, H— H, The Hydrogen -gas Type. 

The general formula is R — R. 

R represents one molecule of an electro- positive radicle. 



I 
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It may be either simple or compound. When compound, it 
is usually made up of carbon and hydrogen. 

K represents one molecule of an electro-negative radicle. 
It may be either simple or compound. When compound, it 
is usually made up of carbon, hydrogen and oxygen. 

Examples. 

R~R Positive radicle CH3— CH, Metliyl, 

R — R Negative radicle CaHaO — CaHaO Acetyl, 
H- _ 

R— R Ketone CH3— CaHaO or 0=C=(CH3)a Ordinary acetone 

(methyl-acetyl). 

R — H Hydride CHa — H Methyl hydride (marsh-gas), 

R— H Aldehyd CaHaO— H Acetic aldehyd, 

-f 

R— CI CaHft— CI Ktliyl chloride, 

(Halogen substitution compound) 

R— CI ^ ° r / Q^g^o— CI Acetyl-chloride. 



2d Type, HaO, or H— O— H, The Water Type. 

The general formula is U — D — K. D represents one atom 
of a linking dyad. It is usually oxygen. 
M represents one atom of a monad metal. 

Examples. 

^ H- 

R_0— R Simple ether CuHb— 0— CaHs Ethylic ether, 

4- -f 

R— 0— R Mixed ether CHg— 0— CaHs Methyl-ethyl-ether, 

R"— 0— R Anhydride CaHaO— 0— CaHaO Acetic anhydride, 

L R— 0— R Compound ether CaHs—O— CaHaO Ethyl-acetic ether, 



r 



4- 



j R— 0— H Alcohol CaHft- 0— H Ethyl alcohol, 

"j R— S— H Mercaptan CaHa— S— H Ethyl sulpho-hydrate. 



{ 



R — Se — H Seleno- mercaptan CaHg — Se — H Ethyl seleno-hydrate, 
H— 0— R Acid H—0— CaHaO Acetic acid, 

M— 0— R Salt Na— 0— CaH,0 Sodic acetate. 
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R — N=H, Amine 



3d Type, HaN, The Ammonia-gas Type. 

Examples. 

Ca Hft— N = Ha Ethyl-amine, 
(CH,), As Tri-methyl-arsine, 
(CaHft), Sb Tri-ethyl-stibine, 
CaHs — P=Ha Ethyl-pliosphine, 



R — As=Ha Arsine 

+ 

R— Sb=Ha Stibine 

-I- 

R— P=H, Phosphine 



R— N=Ha Amide 

R— N jj Alkalamide, 

_0_H 



CaH,0 — N=Ha Acet-amide, 

CaHsO 

CHft—NZ^H Etliyl-acet-amide, 



n — 0— H 



1^ —N = H -^^^^ *^'^ ^^^' — N=H 



Oarbamic acid. 



R4 N — CI Ammonium subs, comps. (CgHaji — N — CI fithjl-ammonium 

chloride, 
+ _v _ 

R4 P — CI Phosphonium subs, comps. (CH8)4rr:P— CI Tetra-methyl plios- 

phonium chloride. 
+ _.v 
R4::^As — CI Arsonium substitution compounds. 

R<:=Sb — CI Stibonium substitution compounds. 

A few of the compounds of carbon with hydrogen are pre- 
sented in the following table. They represent mere starting- 
points, so to speak, of an immense number of derivatives. 



Parafins. 



Methane, CH4 
Ethane, CgHe 
Propane, CaHs 

Butane, C4H10 

Pentane, CgHn 
Hexane, CeHu 
Heptane, CtHkj 



Olefines. 



Ethylene, C2H4 
Propylene, CsHe 
j Butylene, C4H8 ) 
/ fsobutylene, C4H8 ) 
] Pentylene, CsHio ) 
j Amylene, C5H10 \ 

Hexylene, CeHia 
j Heptylene, C7H14 ) 
\ Isolieptylene, C7H14 f 



Acetylenes. 



Acetylene, C2H2 
AUylene, CH* 

Crotonylene. C4H« 

Valerylene, OsHe 
Hexoylene, CaHio 
Oenanthylidene, CtHh 



Marsh gas is found in water in swampy places, where, 
under the influence of heat and moisture, vegetable matters 
;ire undergoing decomposition. The gas rises in bubbles 



which are capable of taking fire from a bghted match. It' 
has been analyzed and fouijd to have the composition H^C, 
already stated. 

By the replacement of its hydrogen atoms, wholly or partly, 
by other atoms or radicles, the carboa compounds of the 
fatty series are produced. 

The hydrocarbons of this series have their most striking 
natural source in j)elr oleum, an oil flowing from the earth by 
natural or artificial openings, especially in certain parts of 
America, Europe and Asia. 

The hydrocarbons of this {and other) series are artitiuially 
produced from coal in the manufacture of illumiuating gas, 
a chemical industry whicb is discussed more at lenj 
later chapter. 

Chloroform is produced when bleaching powder is warmed 
with ordinary alcohol (called ethyl alcohol). The substance 
has a sweetish odor and lias the remarkable though well- 
known property of producing insensibility to pain. Owing, 
however, to the danger of death from overdose, chloroform 
is going out of use as an anesthetic — ether, ethyl ether, which, 
is much safei", replacing it. The chemical formula of chloro- 
form (CH CI,) at once reveals its chemical relationship to 
marsh gas (Cll,). 

Compounds of Carbon, Hydrogen and Oxygen. 

In the table already given reference lias been made to alco- j 
hols, ethers, aldehydes, and acids. Each of these terms, at 
first applying to a special! substance, is now applied to a claea I 
of substances. Thas there are many alcohols; there are many' ) 
ethers; there are many aldehydes ; there are many acids. 

A volatile liquid called woodalcokol {methyl alcohol) is prt 

duced when wood is healed in closed vessels which do not 

permit it to burn. It is found to be in fact related t 

[ metliane; thence it is called methyl alcohol, and to it i 

I assigned the formula CH, OH. It is viewed as methane, o 

, marsh gas (CH,), which has had the radicle OH substituted 

for one of the orignal atoms of hydrogen. It is also h 
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upon as funned after the water type. From this point of 
view it is viewed as water (H-O-H) in which one of the 
hydrogen atoms has been replaced by the compound radicle 
methyl (CH,) producing the substance expressible, as before 
stated, by the formula CH3OH. 

The following diagrams illustrate this statement : 
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It has long been known that the sugary juices extracted 
from many vegetable matters are capable of a peculiar change 
called alcoholic fermentation, by which there is produced 
from the sugar a new substance called alcohol (more strictly 
speaking, ethyl alcohol). It is a highly combustible sub- 
stance, burning in the air with a blue flame ; when taken into 
the stomach it produces well-recognized stimulating and 
even terribly-intoxicating effects. Analysis has shown it to 
possess the composition expressed by the formula C^H^OH. 
It may be viewed as ethane (C,H,H) in which one atom of 
hydrogen has been replaced by the radicle O H. It is also 
viewed as formed after the water type— that is, it may be 
looked upon as water (H-O-H) in which one hydrogen atom 
is replaced by the compound radicle (C,H,). 

The following diagrams illustrate this statement : 
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Among ihe organic compoundB recognized as composed of 
ijarbon, oxj'geo, and liydrogen, there are the important groups 
called carbohydrates, iucludiug glucose, cane sttgar, and tooucli/ 
Jibre, also called cellulose. 

Under eaob head are well-known Bubatancea, moat of them 
valuable as food. From this, of course, should be excluded 
woody fibre, or cellulose, although the cellulose group in- 
cludes some of the most important food materials, chief 
among which is starch. Starch occurs in slightly different 
forms in moat vegetable seeds and gi'ains. Tbia statement 
carefully examined showa that starch is one of the mofit 
important constituents of the food of man as well as of the 
lower animals. The millions of inhabitants of China and 
India live largely upon rice, whose most abundant constituent 
is starch. Western nations consume for food vast quantities 
of wheat flour, Indian meal and potatoes, all of which contain 
large quantities of starch. 

It is a matter of common observation that when the alcoholic 
fennenlation has proceeded some time it is liable to be fol- 
lowed by a somewhat different kind of fermentation, attended 
, by souring. 

Vinegar is produced from cider and wine in this way; 
vinegar contains a peculiar acid called acetic acid ; nnd just 
as ethyl alcohol is produced from cane sugar by alcoholic fer- 
mentation so acetic acid is produced from ethyl alcohol by 
acetous fermentation. Acetic acid is found to be expressible 
by the formula (C,H,0) O H. 

Acetic acid is, however, only one member of an extensive 
group of organic acids. Some of them, however, are very 
different from vinegar in their properties; thus oleic, palmitic 
and stearic acids occur in combination with glycerin in most 
ordinary fats. When separated from the glycerin they are 
true acida, even though they do not manifest that sourness 
which is the ordinary characteristic of acids. 

Eth&rs and aldehydes are organic compounds producible by 
certftin transformations of alcohol nnd acids. 

The four great classes of compounds of carbon containing 
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oxygen and hydrogen jnst touched upon have many repre- 
sentatives derived from the m.iny hydrocarbons of the paraf- 
fin series ; but it would be out of place to attempt any further 
discussion here. 

Sub-Chapter II.— The Aromatic Series. 

This interesting series includes compounds grouped as sug- 
gested by the table in Sub-Chapter 1.— that is, it includes 
hydrocarbons like benzol C,H, (see p. 249), alcohols like 
phenyl alcohol (CJI^ Oil, commonly known as carbolic acid), 
while its nitrogen series is represented by phenylamine 
(C,H^ NH, commonly called aniline) which is the starting- 
point of the aniline colors. 

Napthalene, turpentine and other terpenes, belong to this 
general series. 

Sub-Chapter III.— Other Vegetable Matters. 

In the vegetable world chemists recognize a great number 
of interesting substances not capable of so easy a reference 
to the type compounds, or, indeed, to any clearly-defined 
chemical position. That they are important, however, ap- 
pears from the mere mention of such alkaloids as nicotin of 
tobacco, caffeine of coffee, theine of tea, morphine of opium, 
quinine of Peruvian bark, and strychnine of the nux vomica 
bean, to which might be added many other, both allied and 
not associated, vegetable matters. 

Sub-Chapter IV.— Animal Matters. 

The groups of compounds referred to in the preceding 
paragraphs gradually rise in the scale of complexity. Yet 
there is a vast group of animal compounds containing vary- 
ing amounts of the elementary substances, carbon, hydrogen, 
oxygen, nitrogen, sulphur and phosphorus — sometimes all at 
once in the same molecule. Of course these are still more 
complex. Among them may be mentioned the albuminous 
matters occurring in blood and white of ^^;g^ the casein of 
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milk, gelatins, fibrins, and even substances found in the brain 
and nerves, like cerebrin and lecithin. 

Chemists feel certain, however, that the number known is 
an exceedingly insignificant fraction of those existing in 
animal and vegetable substances. 

Hundreds of observers and investigators have devoted in 
the aggregate an enormous amount of study to the carbon 
compounds. At the present day the study of the cnrbon com- 
pounds is the chief business of chemists ; indeed, the present 
may be designated as the era of organic chemistry. Yet the 
subject is so difficult that even professional chemists are yet 
in a condition that perhaps ought to be designa;ted as, rela- 
tively, one of extreme ignorance of the chemistry of animal 
and vegetable substances. 

They are undoubtedly making great strides in advance, 
but the progress thus far made seems to have as its chief 
result the revealing of the world-wide field yet to be criti- 
ically explored. 
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Chapter XXVII. 
ILLUMINATING GAS. 

' is manifest, I'rom wliat lias Ijeen said, that in a 
hijuk like the jiresent it 18 imposHible to give any 
cMiisidcrable discui^ision of the vast field offered 
iiy Lhe Drgaiiie compounds of carbon. It seems 
bt'tlui' Lu uliuutte for deseription some important manufactur- 
ing operation that involves these compounds, and that ia on 
other accounts specially instructive. Accordingly the man 
facture of illuminating gas is selected for consideration hera 

The Manufacture of Illuminating Gas. 

The material on which this industry is based is bituminoi 
coal. This substance is clearly a vegetable product, though 
it is derived from a vegetation which lived, flourished and 
decayed in a period of pre-historic antiquity. 

The manufacture of illuminating gas, although one of the 
most important of the chemical industries of to-day, had its 
beginning but little before the opening of the present century. 
A Scotchman named William Murdoch is generally credited 
with the first introduction, into considerable use, of burning 
gas made from coal. In I'OB he gained the opportunity to 
introduce his method of illumination into the engine-works 
of Boulton & Watt, located at Soho, near Birmingham. From 
that date the manufacture and use of illuminating gas from 
soft coal has extended and expanded until it has reached ita 
present enormous development. 

General Principles of the Process. 

The general principle of the manufacture is exceedingly 
simple. Its commercial growth, however, has been assisted 
by the invention and application of a multitude of dellcs 
and ingenious appliances. 
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If any person will take a glass te.*t-tulje, place in it a few 
fragments of stavch, and will then lieat the startU sti-OTigly , 
over a lamp flame, he will rtailily detect three important I 
effects. The first is that a mass (if smoky gaa or vapor poura j 
out of the mouth of the test-tube. The second is that an 
oily or tarry liquid condenses, on the inside of the tube, and ■ 
runs down in streams. The third ia that at the close of the 
operation a mass of carbon remains in the bottom of the tnbe 
where the starch was. Now the various substances that have 
been referred to as produced by the heating process are ref- 
erable to the decomposition of the molecules of starch. 




A Similar Operation on a Larg-e Scale. 

In the manufacture of illuminating gaa on a large scale 

I there are developed practically the same series of phenomena 

as those noted in the experiment with starch just referred to. 

In the manufacture of illuminating gas, instead of starch, 
I as Just described, soft coal or iMttiTuinous coal is used. 

In place of a lamp a row of large furnaces is employed to 
■■ supply the heat. 

Instead of glass tubes those of earthenware, ten or twelve 
t feet in length and between one and two feet in diameter, are 
These tubes, called retorts, are placed in a horizoutal 
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position and so thnt the Qame of the fire in the furnace i 
eweep avound them and rai>e them to a cberry-red heat. 

the front end of the retort ia attached a door to prevent t 
escape of the gases generated, and thei-e is also a euitablfj 
pipe to carry these gases forward to those other portions 
■ tlie works whioh serve to perform upon the crude gas c 
tain necessary purifications; these Are,Jirst, the eondensationfj 
of condeneable vapors; second, the removal of objectionable J 

The operations spoken of show that tlie gas must be canie^I 
from one portion of tlic c^lalili-hiiimt to another. Now illa-J 




ininating gas is made up of material substances, and, althougl 
lighter than air, yet they distinctly possess weight. Gas wilfl 
not move of itself; to carry it from place to place the appli-| 
cation of force by means of mechanical appliances is requisite* 
Tn fact, it is discovered that what is called an exhauster is ' 
necessary for use in gas-works. The exhauster is simply a 
kind of rotary pump which pulls the gas from the retorts in 
which it isfii'st foi-raed, and pushes it along through the vari- 
ous purifiers, to the gas-holder in which it is stored. If tb^fl 
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exhauster were not ueed tbere would be a constant tendency I 
to the creation of presauie in the retort, by virtue of which J 
the gas would penetrate the earthenware into the fire, and so 1 
become a source of loss. 

From what has been said it will be easily comprehended,! 
' that the essential parts of a gas-woi'ks are the following : 

First. The furnace. 

Second. The retorts, in which the coal is heated. 

Third, The hydraulic main;, a trough of water in which the 
gas is cooled, and which also serves as a gate, through which J 
the gas can pass forward toward the puritiera, but not back- 
ward toward the retort. 

Fourth. The out-door condensers, in which the gas is cooled \ 
and some of its vapors condense to tarry liquids. 

Fifth. The scrubber, in which the gas is cleansed by a i 
spray of water. 

Sixth. The purifiers, where sulphuretted hydrogen, and , 
some other objectionable gases are removed. 

Seventh. The gas holder, in which the finished gas is col- 
lected and stored prior to delivery to consumers. 

The processes by which these various appliances are used 
in the manufacture of illuminating gas may be briefly 
sketched as follows: 

A suitable quantity of soft coal Is placed in an even layer 
on the bottom of the retort. Gas at once forms and streams 
out of the open door. The door of the retoi-t being now 
quickly closed by the workman the gas passes out through 
an exit pipe— called the dip-pipe, because it dips into the 
water of the hydraulic main. The gas bubbles up from the 
dip-pipe through the water. Once delivered in the hydraulic 
main, the gas cannot gp back to the retort. 

Next, the gas passes through the condensers, a series of 
connected up-and-down pipes. As these condensers stand in 
the open air they cool the gas so that it deposits tarry liquids 
that, until this stage, have been suspended in it in the form 
of vapor. 

Next the gas flows to a large iron box, called the scrubber. 
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In different works tlie scrubber varies considerably in out- 
ward shape and interaal arrangements. Its essential office 
however is to wash the gas, and it does so by the use of 
water which is applied to the gas either in sprays or thin 
films. Ammonia gas is the principal substance absorbed by 
the water in the scrubber. Indeed the liquor thus produced 
is the main commercial source, at the present day, of am- 
monia and its compounds. 

The gas next goes to the purifiers. These are large iron 
boxes supplied with a multitude of shelves upon which, in 
most works, dry quicklime is spread. The quicklime absorbs 
sulphuretted hydrogen and some other acid gases. From 
these purifiers the gas is carried on to the gas holder. 

The Distillation of Coal, Chemically Considered. 

Under the influence of the high temperature of the gas 
furnace the soft coal in the retorts undergoes decomposition. 
As has before been intimated, three distinct classes of sub- 
stances are produced: Solids, which are left in the retorts; 
liquids, which are condensed in the various coolers; gases, 
which pass on to the gas holder. 

First, The solids. These are principally two kinds of 
carbon. One is coke — the principal solid matter found in 
the retorts as a residue from the soft coal after the latter has 
ceased to evolve gas. It is merely a form of carbon, some- 
what spongy in its structure. It is sold for use as fuel. 
Beside this, the retorts accumulate a sort of scale of a very 
different form of carbon called gas carbon. It is extremely 
hard and almost non-comhustiblo, being even very difficult to 
remove from the retorts. It is at present somewhat used in the 
manufacture of tlie carbon pencjils employed in electric lights 
of the arc variety. Prior to this use it found scarcely any 
commercial oiitlot. 

Second, The Uqvlds. Tlie first condensation of liquids 
takes place in the hydraulic main, where tarry and oily mat- 
ters condense and accumulate, and are drawn off from time 



2 'to time into the tar well. Again, in the condensers tliere is 
I Btill futlier deposition of liquidSj also tarry and oily in 
ttheir nature. 

These liquids consist of very complicated mixtiirea of car- 
Kbon compounds, but they are of the most interesting char- 
■Jacter. In the earlier history of the manufacture of coal gas 
Tthey were regarded as mere nuisances. Little by little, how- 
ever, chemists have learned to Beparate the intermingled 
products, aud have thus been able to obtain a number of 
inbBtanccs of striking interest aud usefaluess in the aits. 
' Among the multitudes of substances that go to make up the 
liquid called coal-tar, some are as yet hardly classified ; 
others are distinctly recognized, and have uses of great com- 
>.mercial importance. Of these latter, two will be mentioned 
jbere. These are anthracene and benzol. 

The substance called aidhraixne, a compound of carbon 
Hid hydi-ogen (Cj,II,„), has sprung into the highest commer- 
inal importance. This is referable to the fact that it has 
">een found to be a suitable material from which, by chemical 
es, there may be manufactui-ed a substance known as 
dizarin, besides other equally valuable and interesting com- 
x>unds. Alizarin was previously recognized as the coloring 
ftnatter of chief value in madder root, a substance that has 
been used as a dye-stuff for above a thousand years. The 
alizarin, whether of madder or from anthracene, is a coloring 
matter of the highest value and usefulness. It affords turkey- 
ind other colors that are very important because they are 
ixtremely brilliant and extremely fast. Its artijieiul mana- 
^cture, from the anthracene of the filthy and offensive ooal- 
tatj is one of the greatest triumphs of this or any age. 

Another substance fonnd in the coal-tar is benzol, a com- 
lonnd of carbon and hydrogen having the formula C„II,. 
^is is the pi-incipal material from which, by a variety of 
Jfell-understood though complicated chemical processes, the 
rell-known aniline eoloi-s have been produced. While these 
iolors may well command the admiration of all, on account 
their unsurpassed beauty and brilliancy, they are of 
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especial interest to the scientist by reason of the chemical 
laws they illustrate. The preparation of these colors, as a 
group, ranks second only as a chemical achievement to that 
of artificial alizarin. 

Third, The gaseous products. The gases generated in 
the process of the coal-gas manufacture are extremely nu- 
merous; some of them are of high illuminating power, of 
which that called ethylene (C,HJ is an excellent example. 
Again, there are some that are combustible, but yet are of 
slight illuminating power. Substances of this class are pres- 
ent in the finished product. Hydrogen and carbon monoxide 
(CO) may serve as examples. There are always present also 
«rases that are either injurious to the illuminating power or 
are otherwise objectionable. For example, nitrogen is 
always present, and it is not practicable to remove it from 
the gas. It contributes nothing to the value of the product. 
Again, certain sulphur compounds, like sulphuretted hydro- 
gen, are usually present. These indeed burn, but they give 
rise to oflFensive and unwholesome oxides of sulphur. 

The sketch thus given, while it but imperfectly describes 
the wonderful industry in question, with its various well-con- 
trived and delicate Mppliances, serves, however, to give some 
idea of the importance of the operation from a chemical 
point of view, and the mine of rich materials its carbon com- 
pounds offer to chemical students. 
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CHAPTER XXVIII 



SILICON. 

aiLICON may well be ooiiBidered importftnt on ac- 
omit of its quantity in the earth, if on no other. 
][ an eai-liei- chapter it has been shown that 
ixygen exists in our globe — including its atmoB- 
phere and its oceans — in an amount equal to about one half 
of the weight of the whole. Now silicon exists in a quantity 
equal to about one fourth of this entire weight. In the solid 
earth, however, neither of these substances exists in the un- 
Gombined form. These facts seem to involve as a necessary 
consequence that they exist in the earth, to a large extent, 
combined with each other ; indeed this is found to be the 
case. The principal eai'thy nnatter of oui" planet is the com- 
pound of silicon and oxygen, existing either alone, in the form 
of sand, quartz, rock-crystal, and similar minerals, or else in 
combination with other well-known abundant earth mate- 
rials, such ns oxides of calcium, magnesium and aluminium. 
It has already been stated that carbon is the characteristic 
element of animal and vegetable matters ; so silicon is the 
L-Uaiact eristic element of mineral matters. Thus granite, and 
similar archaic rocks, contain approximately twenty-five per 
cent, of silicon. 

In nature silicon performs its important office as a con- 
stituent of rock material, with a fitness that is referable 
largely to the high degree of stability possessed by most of 
its compounds. The permanence of the materials of the 
earth's surface under the influence of heat, water, frost, and 
similar agencies, ia an illustration of this principle. 
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Silicic oxide (SiO,), occurs on our globe in many dil 
forms, of which diatomaceoUB earth and rock crystal may b 
mentioned. 

Diatomaceous eartli is a powdery material found In abun^ 
dant depoBitB ia mauy parts of the world. Its characleristiij 




structure, wheu examined undtr the microscope, reveals 
nature ; then it is seen to be made up of the sheila of minute 
vegetable organisms called di.itoms. These assume a great 
many beantiful formi, and some of them are checkered i " 
over with markings of such extreme fineness that they hai 



been used as test objects for trying the resolving power of the 
objectives of microscopes. This kind of earth ie employed, 
as has already been stated, in the preparation of dyDamite, 

Quartz sometimes oucurs in colorless transparent raaHses of .■ 
great beauty and clearuees, called rock crystal. The ame- f 
tliyst is the same substance slightly colored by compounds J 
of the metal manganese, while quartz exists of a variety o| J 




Was3 ot n&tural quartz crystals. 



other shades, in some of which it is prized as a gem. Quartz 
generally as.siimes forms of a hexagonal tendency; they 
are often hexagonal prisms terminated by hexagonal pyr- " 
amids. 

Quartz and the finer and purer varieties of sand are used j 
largely in the manufacture of glass. The silicic oxide here \ 
displays what may be expressed as its acid tendencies ; for in 
the manufacture of glass it is fused with sodic carbonate, I 
and then the silicic oxide displaces the carbon dioxide ' 
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from the sodic carbonate ; as a result there is formed 
what must be regarded as a true salt, or a mixture of salts, 
that in the simplest kind of glass may be teimed sodic sUi- 
cote. 



Closing Words. The course laid out in the preface is 
now terminated with silicon, as there planned. From scien- 
tilic considerations, this is a natural ending ; it seems to be 
appropriate on another account also. After the reader has 
been carried, in thought, among the various gaseous ele- 
ments that make up atmosphere and oceans, it seems suit- 
able that we should say farewell to him upon the discussion 
of that element that may be called the characteristic 
material of our solid earth. 
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